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NOTICE

The U.S. Environmental Protection Agency through its Office of Research and Development funded the
research described here under 1AG DW-89-92154301-0 through the U.S. Department of Energy (DOE)
Contract DE-AC09-96EW96405. It has been subjected to the Agency's peer and administrat ive review
and has been cleared for publicat ion as an EPA document. Reference herein to any specific commercial
producl, process, or service by trade name, trademark, manufac turer , or otherwise, does not necessarily
constitute or imply its endorsement or recommendation. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the EPA or DOE. or any agency thereof.



FOREWORD

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation's
land, air, and water resources. Under a mandate of national environmental laws, the Agency strives to
formulate and implement actions leading to a compatible balance between human activities and the ability
of natural systems to support and nurture life. To meet this mandate. EPA's research program is
providing data and technical support for solving environmental problems today and building a science
knowledge base necessary to manage our ecological resources wisely, understand how pollutants affect
our health, and prevent or reduce environmental risks in the future.

The National Risk Management Research Laboratory (NRMRL) is the Agency's center for investigation
of technological and management approaches for preventing and reducing risks from pollution that
threaten human health and the environment. The focus of the Laboratory's research program is on
methods and their cost-effectiveness for prevention and control of pollution to air. land, water, and
subsurface resources; protection of water quality in public water systems; remediation of contaminated
sites, sediments and ground water; prevention and control of indoor air pollution; and restoration of
ecosystems. NRMRL collaborates with both public and private sector partners to foster technologies that
reduce the cost of compliance and to anticipate emerging problems. NRMRL's research provides
solutions to environmental problems by: developing and promoting technologies that protect and improve
the environment; advancing scientific and engineering information to support regulatory and policy
decisions; and providing the technical support and information transfer to ensure implementation of
environmental regulations and strategies at the national, state, and community levels.

This publication has been produced as part of the Laboratory's strategic long-term research plan. It is
published and made available by EPA's Office of Research and Development to assist the user
community and to link researchers with their clients.

Sally Gutierrez. Director
National Risk Management Research Laboratory



EXECUTIVE SUMMARY

A study using juvenile swine as test animals was performed by Casteel et al. (2006a and 2006b) lo
measure the gastrointestinal absorption of lead from a test soil collected from the Herculaneum Lead
Smelter Site in Herculaneum, Missouri after 12 months and 24 months of weathering. The test soil,
designated "HER-2930." was collected from the Herculaneum Lead Smeller test plot in late May 2005
after 12 months of weathering and contained an acid extractable lead concentration of 2021 ug/g. The
test soil, designated as "HER-3201, was collected after 24 months of weathering and contained an acid
extractable lead concentration of 2.13 1 ug/g. The relative bioavailability of lead in these test soils was
assessed by comparing the absorption of lead from the test soil to that of a reference material (lead
acetate).

Groups of five swine were given oral doses of lead acetate or the test soil twice a day for 15 days during
the study with both (he 12-month and 24-month samples. The amount of lead absorbed by each animal
was evaluated by measuring the amount of lead in the blood (measured on days 0, 1,2, 3. 5, 7, 9, 12, and
15) and the amount of lead in liver, kidney, and bone (measured on day 15 at study termination). The
amount of lead present in blood or tissues of animals exposed to test soil was compared to that for
animals exposed to lead acetate, and the results were expressed as relative bioavailability (RBA). The
RBA results for the 12-month test soil and the 24-month test soil in this studv are summarized below:

Measurement Endpoint
Estimated Soil RBA

(!>0% Confidence Interval)

Results of soil weathered lor 12-nionlhs

Blood Lend AUC*

Liver Lend

Kidney Lead

Femur Lead

Point Estimate

0.75(0.62-

1.01 (0.76-

0.84 (0.69-

0.69(0.61 -

0.82 (0.63 -

0.93)

1.34)

1.04)

0.79)

1.15)

Results of soil weathered for 24-monihs

Blood Lead AUC

Liver Lead

Kidney Lend

Femur Lead

Point Estimate

0.90 (0.6S -

0.78 (0.65 -

0.77 (0.64 -

0.82(0.68-

0.82(0.65-

1 . 1 5 )

0.95)

0.94)

1 .00)

1.02)

*Blood area under the curve (AUC) data were lit to ihe linear model
lor ihe 12-month and 24-montli samples.

As seen, using lead acetate as a relative frame of reference, the RBA point estimate is approximately 82%
for both test soils. This relative bioavailability estimate may be used to improve accuracy and decrease
uncertainty in estimating human health risks from exposure to these test soils.

A split of these same soil materials was used by Drexler(2005 and 2006) for in vitro bioaccessibility
(1VBA) determinations at the University of Colorado's Laboratory for Environmental and Geological
Studies. The 1VBA mean ± I standard deviation for triplicate analysis was 0.687 ± 0.015. using Dr.
Drexler's soil Pb analytical mean value of 2,491 mg/kg. Given Dr. Yang's analytical mean result of
2,021 mg/kg (as used by Dr. Casteel in the swine study), the 1VBA result is 0.843 ± 0.015. The
prediction interval (i.e., "best estimate" plus 5% and 95% confidence limits) has been published by the



USEPA (2004a; Figure 3-6). In terpola t ion of the 12-month I V B A data (above) results in best estimates
and 95% upper confidence l i m i t (UCL) values of:

- 65.4% and 88.4% for soil Pb level of 2,491 mg/kg; and
- 81.6% and 105.2% for soil Pb level of2,021 mg/kg.

Dr. Yang's 24-month mean soil Pb result of 2,13 I mg/kg was used by Dr. Drexler and by Dr. Casteel.
The IVBA mean + 1 standard deviation for t r ip l ica te analysis was 0.887 ± 0.015. These results t ranslate
to RBA best estimate and 95% UCL values of 86.1% and 109.7%, respectively.
Given the results for the geochemical modeling (Section 5), plus above analyt ical data, MSE Technology
Applications, Inc. suggests that an overall RBA of < 82% (75%-85% plausible range) appears reasonable
for the 12-month soil sample and an overall RBA. of > 82% (S0%-90% plausible range) for the 24-month
sample. The overall upper bound RBA appears to about 90%, wel l w i th in the range for the cerussite
group RBA shown in Figure 2-7 of EPA's RBA est imation report (EPA, 2004a). Such exceedance of the
integrated exposure uptake biokinetic (IEUBK) model default RBA value (0.60) may be due to: 1) in i t i a l
conversion of the small (< 2 jam) galena particles to pyromoiphite. followed by 2) surface oxidat ion of the
pyromorphite particles to such biologically avai lable forms of Pb as cerussite.

IV
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1. INTRODUCTION

1.1 PROJECT BACKGROUND

EPA Region VII is the location of one of the largest historic lead (Pb) mining and smelting areas in the
nation, if not the world. Lead mining activities in Region VII occurred in a broad band more than 50
miles wide stretching from St. Louis, Missouri soulhwestward into southeastern Kansas. More than 3.000
historic mine sites and over 130 primary smelters have been identified in Missouri alone. Approximately
20 smelters were located in southeastern Kansas, and one of the largest secondary Pb smelters in the
nation was located in Omaha', Nebraska. Many of these mines and smelters are located in populated
areas, and present a significant health risk to humans.

The Herculaneum Lead Smelter site in Herculaneum, Missouri contains the largest active Pb smelter of its
kind in the United States. The site consists of three main areas: the smelter plant, the slag storage pile,
and office buildings. The site encompasses approximately 52 acres. It is bordered on the east by the
Mississippi River and on the north and west by residential areas. The Herculaneum Lead Smelter site is
owned by Doe Run Company (Figure l- l) .

In September 2001, Pb ore concentrate, also referred to as milled ore, was discovered on the streets of
Herculaneum. Extensive removal actions were initiated in the fall of 200) and remain ongoing.
Residential yard soil replacement, home interior cleaning, street cleaning, and significant changes to
concentrate handling procedures have been implemented.

Lead ore concentrate is a Pb production intermediary that is processed at milling facilities and
subsequently trucked to smelting facilities where it is processed into pure Pb product. Concentrate is a
fine-grained, powder-like material that consists of approximately "70% Pb. Government regulators
discovered that copious amounts of Pb concentrate were being spilled from trucks and/or being tracked
out of the storage areas at the Doe Run smelter facility and spreading to the yards in Herculaneum.

Although the Doe Run Company has conducted most of the removal actions at the site to date, EPA has
incurred significant oversight and monitoring expenditures. Doe Run is contending that Pb ore
concentrate has an extremely low bioavailability potential and therefore, presents a minimal public health
threat. EPA has maintained that Pb in the form of mill concentrate can readily oxidize and become more
bioavailable over time when exposed to the environment. Presently, EPA is not aware of any specific
studies that have quantified the bioavailability of Pb ore concentrate after being exposed to the
environment.

The amount of Pb absorption by the body when ingested is referred to as "bioavailability". Each ofthe
240 different mineralogical species of Pb has a different bioavailability depending on the elements
combined with the Pb in the individual species or mineral. Measuring the relative bioavailabilily (RBA)
of Pb in soil is accomplished using an EPA Immature Swine Study (in vivo bioavailability analysis),
where young weanling swine are dosed with either the test soil containing a known quantity of Pb or the
control soil containing the equivalent concentration of Pb, but essentially in a 100% bioavailable form.
Blood, venous blood, soft tissue, and bone samples are obtained to measure the respective adsorption
rates ofthe test and reference Pb compounds into the exposed swine. The tissue-specific differences in
Pb concentrations in these two exposure groups are used to calculate the overall Pb-RBA of the particular
test soil (Casteel et aL 1996).



Figure 1-1. Herculaneum Smelter site location map.

In vitro methods that simulate Pb behavior in mammalian gastrointestinal tracts have also been developed
over the past 10 years (e.g., Ruby et al., 1999). Such approach to estimating Pb bioaccessibility is
attractive as it is less time- and money-consuming than swine feeding studies. Furthermore, previous
(site-specific) investigations that employed both in vitro and in vivo approaches show promising
correlations between the two types of results (USEPA, 2004a). Consequently, this dual-approach was
used in this Herculaneum ore concentrate-soil weathering study.



1.2 PROJECT GOALS AND OBJECTIVES

The purpose of th i s study was to document changes in the relat ive b ioavai lah i l i ty and in v i t ro
bioaccessibility ( I V B A ) ot'Pb in ore concentrate-soil mixtures allowed to weather in test plots established
in the Herculaneum area. Representative samples of soils were collected af ter 12 and 24 months of
environmental exposure. The dried, sieved (< 250 urn) materials were used for the time-specific
determinations of relative bioavai labi l i ry ( R B A ) and in vi t ro bioaccessibility ( I V B A ) . This report
presents the results from the sample weathered for 12 months and the sample weathered for 24 months.

Dr. Stan Casteel of the Univers i ty of Missouri (Columbia) , Veterinary Medical Diagnostic Laboratory
(UM/VMDL) was the Principal Investigator for the in vivo Pb b ioava i lab i l i ty studies that dosed young
swine with lead ore concentrate from the Held test plots at Herculaneum. Sections of this report
discussing the in vivo bioavai labi l i ty are taken verbat im from Casteel et al. (2006a and 2006b).
Physicochemical characterization of the samples was performed by Dr. John Yang at L inco ln Univers i ty
of Missouri (Jefferson City, Missouri). The in vitro Pb bioaccessibili ty extractions and subsequent
chemical analyses were performed by Dr. John Drexler of the Univers i ty of Colorado (Boulder). His data
is found in Appendix B for the 12-month sample and Appendix D for the 24-month sample. Qual i ty
assurance oversight, project management, as well as general review and interpretat ion of all available data
were performed by MSE in Butte. Montana.

1.3 OVERVIEW OF BIOAVAILABILITY

Reliable analysis of the potential hazard to humans from ingestion of lead depends upon accurate
information on a number of key parameters, i nc lud ing lead concentration in envi ronmenta l media (e.g.,
soil, dust, water, food, air , paint), in take rates of each medium, and the rate and extent of lead absorption
by the body from an ingested medium ("bioavai labi l i ty" ' ) . Knowledge of lead b ioava i lab i l i ty is important
because the amount of lead that ac tual ly enters the body from an ingested medium depends on the
physical-chemical properties of the lead and of the medium. For example, lead in soil may exist, at least
in pail, as poorly water-soluble minerals, and may also exist inside particles of inert matrix such as rock
or slag of variable size, shape, and association; these chemical and physical properties may influence the
absorption (bioavai labi l i ty) of lead when ingested. Thus, equal ingested doses of different forms of lead
in different media may not be of equal heal th concern.

Bioavailabili ty is normal ly described as the fraction or percentage of a chemical that is absorbed by the
body following an exposure of some specified amount, durat ion, and route (usua l ly oral). B ioava i lab i l i ty
of lead in a particular medium may be expressed e i ther in absolute terms (absolute b ioava i lab i l i ty ) or in
relative terms (relative b ioava i l ab i l i t y ) . Absolute b ioava i l ab i l i t y (ABA) is the ratio of the amount of lead
absorbed compared to the amount ingested:

ABA = (Absorbed Dose) / (Ingested Dose)

This ratio is also referred to as the oral absorption fraction (AFo). Rela t ive b ioavai labi l i ty is the ratio of
the absolute bioavai labi l i ty of lead present in some test material compared the absolute b ioava i l ab i l i ty of
lead in some appropriate reference material :

RBA = ABA(test) / ABA(reference)

Usually the form of lead used as reference material is a soluble compound such as lead acetate that is
expected to completely dissolve when ingested.



For example, if 100 micrograms (ug) of lead dissolved in drinking water were ingested and a total of 50
(.ig entered the body, the ABA would be 50/100, or 0.50 (50%). Likewise, if 100 ug of lead contained in
soil were ingested and 30 ug entered the body, the ABA for soil would be 30/100, or 0.30 (30%). If the
lead dissolved in water were used as the frame of reference for describing the relative amount of lead
absorbed from soil, the RBA would be 0.30/0.50. or 0.60 (60%).

For additional discussion about the concept and application of bioavailability. see Gibaldi and Perrier
(1982), Goodman et al. (1990), Mushak (1991), and/or Klaassen et al. (1996).

1.4 USING BIOAVAILABILITY DATA TO IMPROVE EXPOSURE CALCULATIONS
FOR LEAD

When reliable data are available on the bioavailability of lead in soil, dust, or other soil-like waste
materials at a site, this information can be used to improve the accuracy of exposure and risk calculations
at that site. For example, the basic equation for estimating the site-specific ABA of a test soil is as
follows:

where:
ABAso i i-ABAso l, l b lc-RBAso l l

ABASO j i = Absolute bioavailability of lead in soil ingested by a human
ABAso|llblc = Absolute bioavailability in children of some dissolved or fully

soluble form of leadsoluble form of lead
RBAsoi| = Relative bioavailability of lead in soil as measured in swine

Based on available information on lead absorption in humans and animals, the U.S. Environmental
Protection Agency (USEPA) estimates that the absolute bioavailability of lead from water and other fully
soluble forms of lead is usually about 50% in children (USEPA, 1991) and about 20% in adults (USEPA.
2003). Thus, when a reliable site-specific RBA value for soil is available, it may be used to estimate a
site-specific absolute bioavailability in that soil, as follows:

ABAsa,, (child) = 50%-RBAS,,-|
ABAsoi| (adult) = 20%-RBASO,,

The default RBA used by USEPA for lead in soil and dust compared to lead in water is 60% for both
children and adults. When the measured RBA in soil or dust at a site is found to be less than 60%
compared to some fully soluble form of lead, it may be concluded that exposures to and hazards from lead
in these media at that site are probably lower than the typical default assumptions. If the measured RBA
is higher than 60%, absorption of and hazards from lead in these media may be higher than usually
assumed.

• 2. LEAD BDOAVAILABILDTY AND BIOACCESSIBILiTY STUDIES

2.1 IN VIVO STUDY

2.1.1 Study Design

The study design was patterned after the standardized study protocol for measuring relative
bioavailability of lead (USEPA, 2004a) using the juvenile swine model. The basic design for the 12-
month and 24-month test samples is presented in Table 2-1 . As shown, the study investigated lead



absorption from lead acetate (the reference mater ia l ) and one soil sample ( t h e lest material). Each
material was adminis tered to groups of five a n i m a l s at three di f ferent dose levels for 15 days (a detai led
schedule for the 12-month study is presented in Appendix A, Table A - 1 . and a de ta i led schedule for the
24-month study is presented in Appendix C. Table A - l ) . Add i t i ona l l y , both the 12-month and 24-month
studies included a non-treated group of three an imals to serve as a control for de t e rmin ing background
lead levels. All doses were administered orally. The study was performed as nearly as possible w i t h i n
the spiri t and guidelines of Good Laboratory Practices (GLP: 40 CFR 792).

Table 2-1. In vivo study design.
Study design for test material weathered for 12-inonllis

Croup

1

~t

3

4

s

6

7

Number of Animals

3

5

s

4 b

5

5

5

Dose Material
Administered

Control

Lead Acetate

Lead Acetate

Lead Acetate

Test Material

Test Material

Test Material

Lead Dose (jag/kg-day)

Target

0

25

75

225

75

225

675

Actual :l

0

25.3

76.3

226.7

77.1

230.13

685.91

Study design for test material weathered for 24-month.s

1

2

3

4

5

6

7

-$

5

5

5

5

5

5

Control

Lead Acetate

Lead Acetate

Lead Acetate

Test Material

Test Material

Test Material

0

25

75

225

75

225

675

0.0

25.7

77.5

230.9

77.4

230.7

693.0

Noles: 3 Calculated as ihe administered daily dose divided by the measured or exirapolaled daily body \veight. averaged over
days 0-14 for each animal and each group.
One pig in group died: value shown is number ol animals at completion of study (i.e.. number included in data

analysis).
Doses were administered in iwo equal portions given at 9:00 am and 3:00 p.m. each day. Doses were based on the
mean weight of the animals in each group, and were adjusted even1 three days lo account for weight gain.

2.1.2 Test Material

2.1.2.1 Sample Description

The test material for the 12-month study consisted of a soil sample designated "HER-2930" collected
from the Herculaneum Lead Smelter test plot alter 12-months of weathering in May 2005. The test
material for the 24-month study consisted ofa soil sample designated "HER-3201" collected from the
Herculaneum Lead Smelter test plot after 24-months of weathering in May 2006.

2.1.2.2 Sample Preparation

Both the 12-month and 24-month soil samples were air-dried and sieved through a 250-micrometer ((.tin)
sieve prior to test substance analysis and characterization. Only material that passed through the sieve
(corresponding to particles smaller than about 250 urn) were used in the bioavailability studies. The



studies were limited to this fine-grained soil fraction because it is believed that soil particles less than
about 250 urn are most likely to adhere to the hands and be ingested by hand-to-mouth contact, especially
in young children.

2.1.2.3 Lead Concentration

The concentration of lead in the soil test material after it had weathered for 12-months was measured in
triplicate by inductively coupled plasma-optical emission spectrometer (after digestion of the material by
EPA SW-846 Method 305 I). The resulting mean lead value in the sample weathered for 12-monlhs was
2,021 ng/g.

The concentration of lead in the soil test material after weathering for 24-months was also measured in
triplicate by inductively coupled plasma-optical emission spectrometer. The resulting mean lead

concentration in the 24-month sample was 2.131 [.ig/g.

2.1.3 Experimental Animals

Juvenile swine were selected for use in both the 12-month and 24-month studies because they were
considered to be a good physiological model for gastrointestinal absorption in children (Weis and
LaVelle, 1991; Casteel et al., 1996). The animals were intact males of the Pig Improvement Corporation
(PIC) genetically defined Line 26, and were purchased from Chinn Farms. Clarence, Missouri for both
studies.

The number of animals purchased for each study was several more than required by the protocol. These
animals were purchased at an age of about 5-6 weeks (weaning occurs at age 3 weeks) and housed in
individual lead-free stainless steel cages. The animals were (hen held under quarantine for one week to
observe their health before beginning exposure to test materials. Each animal was examined by a
certified veterinary clinician (swine specialist) and any animals that appeared to be in poor health during
this quarantine period were excluded from the study. To minimize weight variations among animals and
groups, extra animals most different in body weight (either heavier or lighter) four days prior to exposure
(day -4) were also excluded from the study. The remaining animals were assigned to dose groups at
random (group assignments are presented in Appendix A, Table A-2 for the 12-month study and
Appendix C, Table A-2 for the 24-month study).

When exposure began (day zero) for the 12-month study, the animals were about 6-7 weeks old and
weighed an average of about 1 1 . 1 kg. The animals were weighed every three days during the course of
the study. On average, animals gained about 0.45 kg/day and the rate of weight gain was comparable in
all dosing groups, ranging from 0.38 to 0.51 kg/day. These body weight data for the 12-month study are
summarized in Figure 2- la and are also presented in Appendix A, Table A-3.

All animals were examined daily by an attending veterinarian while on study. Most animals (N = 21)
exhibited no problems throughout the study. Several animals (N = 12) were treated for illness (e.g., fever,
inappetence, diarrhea) with Naxcel (see Appendix A, Table A-4). In addition, one animal died during the
course of the 12-month study (see Appendix A, Table A-4); data from this animal was excluded from all
data analyses (Casteel et al., 2006).
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Figure 2-la. Body weight gain for the 12-month study.

When exposure began (day zero) for the 24-month study, the animals were about 6-7 weeks old and
weighed an average of about 1 1.2 kg. The animals were weighed every three days during the course of
the study. On average, animals gained about 0.36 kg/day and the rate of weight gain was comparable in
all dosing groups, ranging from 0.26 to 0.47 kg/day. These body weight data are summarized in Figure 2-
Ib and are also presented in Appendix C, Table A-3.
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All animals were examined dai ly by an a t tending veterinarian whi le on study. A l though most animals
exhibited no problems throughout the 24-month study, several an imals (N - 9) were treated for i l lness
(e.g., fever, inappetence. diarrhea) wi th Naxcel. A n i m a l health details are presented in Table A-4 of
Appendix C.

2.1.4 Diet

For the 12-month study, animals were weaned onto standard pig chow (purchased from MFA Inc.,
Columbia, Missouri) by the supplier. In order to minimize lead exposure from the diet, the an imals were
gradually transitioned from the MFA feed to a special low-lead feed (guaranteed less than 0.2 ppm lead,
purchased from Zeigler Brothers, Inc., Gardners, Pennsylvania), and this feed was maintained for the
duration of the study. The feed was n u t r i t i o n a l l y complete and met all requirements of the Nat ional
Insti tutes of Health-National Research Council . The typical n u t r i t i o n a l components and chemical
analysis of the feed are presented in Table 2-2a. Each day every animal was given an amount of feed
equal lo 5% of the mean body weight of all animals on study through day 2; beginning on day 3, the feed
portion was changed to 4.5% of the mean body weight of all animals on study, as the animals had not
been consuming all their feed. Feed amounts were adjusted every three days, when pigs were weighed.
Feed was administered in two equal portions at 11:00 AM and 5:00 PM dai ly . Analysis of random low-
lead feed samples indicated that the lead level did not exceed 0.05 ug/g.



Table 2-2u. Typical feed composition fur tin' 12-month study.
IS'utricnl Nnmc

Protein
Areininc
Lvsine
Mcihioninc
Met+Cvs
Tryptophan

Hisiidine
Leucine
Isoleucinc
Phenvlalanine
Phe+Tvr
Tlireonine
Valine
Fal
Saturated Fat
Unsaturalcd Fal
Linoleic 18:2:6
Linoleic 18:3:3
Crude Fiber
Ash
Calcium
Plios Total
Available Phosphorous
Sodium
Potassium

Amount
20.1021%
1 .2070%
1.4690%
0.8370%
0.5876%
0.2770%
0.5580%
1.8160%
1.1310%
1.1050%
2.0500%
0.8200%
1 . 1 9 1 0%

4.4440%
0.5590%
3.7410%
1.9350%
0.0430%
3.8035%
4.3347%
0.8675%
0.7736%
0.7005%
0.2448%.
0.3733%

Niilrirnl Name
Chlorine
Magnesium
Sulfur
Manganese
Zinc
Iron
Copper
Cobalt
Iodine
Selenium
Nitrogen Free Extract
Vitamin A
Vitamin D3
Vitamin E
Vitamin K
Thiainine
Ribo flavin
Niacin
Panlothenic Acid
Choline
Pvridoxinc
Folncin
Biotin
Vitamin B12

Amount
0.1911%.
0.0533%,
0.0339%
20.4719 ppm
1 18.0608 ppm
135.3710 ppm
8.1062 ppm
0.01 10 ppm
0.2075 ppm
0.3196 ppm
60.2340%
5.l892kIU/kg
0.6486 klU/kg
87.2080 lU/kg
0.9089 ppm
9. 1681 ppm
10. 2290 ppm
30. 11 47 ppm
19. 1250 ppm
1019. 8600 ppm
8.2302 ppm
2.0476 ppm
0.2038 ppm
23.4416 ppm

Feed obtained from and n u t r i t i o n a l values provided by Zeiglcr Bros.. Inc.

Drinking water was provided ad libitum via self-activated watering nozzles w i t h i n each cage. Analysis of
samples from randomly selected d r i n k i n g water nozzles indicated the lead concentration did not exceed 3
ug/L.

For the 24-month study, an imal s were weaned onto standard pig chow (purchased from IvlFA Inc..
Columbia, MO) by the supplier . In order to m i n i m i z e lead exposure from the diet, the animals were
gradually transitioned from the MFA feed to a special purified low-lead feed (purchased from TesiDiet*,
Richmond, IN) that was different than, but comparable to the feed used dur ing the 12-month study. The
transition period began several days before soil dosing began, and th is feed was main ta ined for the
duration of the 24-month study. The feed was n u t r i t i o n a l l y complete and met all requirements of the
National Institutes of Health-National Research Council fNRC, 1988); the ingredients and nutr i t ional
profile of the feed are presented in Table 2-2b. Each day every animal was given an amount of feed equal
to 4% of the mean body weight of all animals on study. Feed amounts were adjusted every three days,
when pigs were weighed. Feed was administered in two equal portions at 1 1:00 AM and 5:00 PM daily.
Analysis of random low-lead feed samples indicated that the lead level did not exceed 0.06 ug/g.



Tuhle 2-2b. Typical feed composition for 24-month study.
Test Diet 5TXI': Porcine Grower I'urilled Diet with Low Lead

INGREDIENTS
Com Starch. %
Sucrose. %
Glucose. %
Sov Protein Isolate. %
Casein - Vitamin Free. %
Powdered Cellulose. %
Corn Oil. %
Dic.alcium Phosphate, %

25.2
20.96-18

16
14.9899

8.5
6.7208
3. -10-4 6
1.7399

Polassium Phosphate. %
Calcium Carbonate. %
Salt. %
Magnesium Sulfatc. %
DL-Mcthionine. %
Choline Chloride. %
Vitamin/Mineral Premi.x. %
Sodium Sclenile. %

O.S7
0.74X7

0.501
0.1245
0.0762
0.0586
0.0577
0.0433

NUTRITIONAL PROFILE '
Protein, %

Arginine. %
I-lislidine. %
Isoleucine. %
Leucine. %
Lvsine. %
Methionine. %
Cvsline. %
Phenvlalaiiine. %
Tvrosine. %
Thrconinc. %
Tryptophan. %
Valine, %
Alanine. %
Aspanic Acid. %
Glutnmic Acid. %
Glycine. %
Proline. %
Serine. %
Tiinrine. %

21
1.42
0.61
1 .14

1.95

1.56
0.49

0.23
1.22
1.03

0.8S
0.32
1.16
0.95
2.33
4.96

0.79
1.83
1.25

0

Fat, %
Cholesterol, ppm
Linoleic Acid. %
Linolcnic Acid. %
Arachidonic Acid. %
Omcga-3 Fully Acids. %
Total Saturated Fatly Acids. %
Total Monounsauiraied Fatly Acids. %
Polvunsatiiraled Fairs' Acids. %

3.5
0

1.95
0.03

0
0.03
0.43
0.82
1.98

Tiber (max), % 6.8

Carbohydrates, % 62.2

Energy (kcal/K)2

From: kcal
Protein 0.84
Fat (ether extract) 0 .315
Carbohydrates 2.487

3.62
%

23.1
8.7

68.3

Minerals
Calcium. %
Phosphorus. %
Pliosplionis (available). %
Potassium. %
Magnesium, %
Sodium. %
Chlorine. %
Fluorine, ppm
Iron, ppm
Zinc, ppm
Manganese, ppm
Copper, ppm
Cobalt, ppm
Iodine, ppm
Chromium, ppm
Molybdenum, ppm
Selenium, ppm

0.8
0.72

0.4
0.27
0.04

0.3
0.31

0
82
84

3
4.9
0.1

0.15
0

0.01
0.26

Vitamins
Vitamin A. lU/g
Vitamin 0-3 (added). lU/g
Vitamin E. lU/ka
Vitamin K. (as mcnadione). ppm
Thiamin l-lyclrochloride, ppm
Ribonavin. ppm
Niacin. ppm
Panlothenic Acid, ppm
Folic Acid, ppm
Pyridoxinc. ppm
Biotin. ppm
Vitamin B-12, meg/kg
Choline Chloride, ppm
Ascorbic Acid, ppm

1.7
0.2

1 1
0.52

1

3.1
13
9

0.3
1.7
0.1

15
410

0

1 Based on the latest ingredient analysis information. Since nu t r ien t composition of na tu ra l ingredients varies, analysis
differ accordingly. Nut r ien ts expressed as percent of ration on an As Fed basis except where otherwise indicated.

2 Energy (kcal/gm) - Sum of decimal fractions of protein, fat, and carbohydrate x 4, 9, 4 kcal/gm, respectively.
Note: Feed obtained and n u t r i t i o n a l values provided by TcstDiet*
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Drinking water was provided act libitum via self-activated watering nozzles within each cage. Analysis of
samples from randomly selected drinkmu, water nozzles indicated the lead concentration did not exceed
1.6ug/L.

1 1



2.1.5 Dosing

The protocol for exposing animals to lend is shown in Table 2-1 for both the 12-month study and the 24-
month study. The dose levels for lead acetate were based on experience from previous swine investigations
that showed that lead doses of 25-225 ug/kg-day resulted in clear and measurable increases in lead levels in
all endpoints measured (blood, liver, kidney, and bone). The actual administered doses were calculated
based on the lead content of the material administered and the measured group mean body weights.
Specifically, doses of lead for the three days following each weighing were based on the group mean
body weight adjusted by the addition of I kg to account for the expected weight gain over the time
interval. After completion of the study, body weights were estimated by interpolation for those days
when measurements were not collected and the actual administered doses were calculated for each day
and then averaged across all days. The actual mean doses for each dosing group are included in Table 2-
l; the actual lead doses administered to each pig are presented in Appendix A, Table A-3 for the 12-
month study and Appendix C. Table A-3 for the 24-month study.

Animals were exposed to lead acetate or the test material for 15 days, with the dose for each day being
administered in two equal portions beginning at 9:00 AM and 3:00 PM (two hours before feeding), with
two minute intervals allowed for individual pig dosing. Dose material was placed in the center of a small
portion (about 5 grams) of moistened feed (this is referred to as a "doughbaH"). and this was administered
to the animals by hand'. If uneaten portions of doughballs were discovered, these were retrieved and
offered again for consumption. Occasionally, some animals did not consume their entire dose. In these
instances, the missed doses were estimated and recorded and the time-weighted average dose calculation
for each animal was adjusted downward accordingly (see Appendix A, Table A-3 for these details for the
12-month study and Appendix C. Table A-3 for these details for the 24-month study).

2.1.6 Collection of Biological Samples

For both the 12-month and 24-month studies, the protocols used for collection of biological samples were
identical. Samples of blood were collected from each animal on the first clay of exposure (day 0) and on
days 1, 2, 3, 5, 7, 9, 12, and 15 following the start of exposure. All blood samples were collected by
vena-puncture of the anterior vena cava, and samples were immediately placed in purple-top Vacutainer®
tubes containing EDTA (ethylenediaminetetra-acetic acid) as anticoagulant. Although EDTA is a
chelator of metals, the nitric acid digest used in the analysis destroys the organic constituents in the blood,
thereby freeing all lead for analysis. Thus, the presence of EDTA in the sampling tubes will not impact
the analytical results for lead. Blood samples were collected each sampling day beginning at 8:00 AM.
approximately one hour before the first of the two daily exposures to lead on the sampling day and 17
hours after the last lead exposure the previous day. This blood collection time was selected because the
rate of change in blood lead resulting from the preceding exposures is expected to be relatively small after
this interval (LaVelle et al., 1991; Weis et al.. 1993), so the exact liming of sample collection relative to
the last dosing is not likely to be critical.

Following collection of the final blood sample on day 15, all animals were humanely euthanized and
samples of liver, kidney, and bone (the right femur, defleshed) were removed and stored at -80 °C in lead-
free plastic bags lor lead analysis.

Samples of all biological samples collected were archived in order to allow for reanalysis and verification
of lead levels, if needed. All animals were also subjected to detailed examination at necropsy by a
certified veterinary pathologist in order to assess overall animal health.

1 Doughballs were kept as small as possible. About one-third of the way through the 12-month study, the dose for
Group 7 (high dose soil) was split between two doughballs.
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2.1.7 Preparation of Biological Samples for Analysis

The preparation of biological samples for analysis was identical for the 12-month and 24-monfli studies.
The procedures used are described in the sections below.

2.1.7.1 Blood

One mL of whole blood was removed from the purple-top Vacutainer® tube and added to 9.0 mL of
"matrix modifier," a solution recommended by the Centers for Disease Control and Prevention (CDCP)
for analysis of blood samples for lead. The composition of matrix modifier is 0.2% (v/v) ulirapure nitric
acid, 0.5% (v/v) Triton X-lOO, and 0.2% (wM dibasic ammonium phosphate in deionized distilled water.

2.1.7.2 Liver and Kidney

One gram of soft tissue (liver or kidney) was placed in a lead-free screw-cap Teflon container with 2 mL
of concentrated (70%) nitric acid and heated in an oven to 90 °C overnight. After cooling, the digestate
was transferred to a clean lead-free 10 mL volumetric flask and diluted to volume with deionized distil led
water.

2.1.7.3 Bone

The right femur of each animal was defleshed, broken, and dried at 100 °C overnight. The dried bones
were then placed in a muffle furnace and dry-ashed at 450 °C for 48 hours. Following dry ashing, the
bone was ground to a fine powder using a lead-free mortar and pestle, and 200 ing was removed and
dissolved in 10.0 mL of I: I (v:v) concentrated nitric acid/water. After the powdered bone was dissolved
and mixed, 1.0 mL of the acid solution was removed and diluted to 10.0 mL in deionized distilled water.

2.1.8 Lead Analysis

Samples of biological tissue (blood, liver, kidney, and bone) and other materials (e.g., food, water,
reagents, solutions) from the 12-month and 24-month study were analyzed for lead by graphite furnace
atomic absorption using a Perkin Elmer AAnalyst 800 high-performance atomic absorption spectrometer.
Internal quality assurance samples are described in Section 2.3 of this report .

All analytical results were reported in units of ug Pb/L (ng/mL) of prepared sample. The quantitation
limit was defined as three-times the standard deviation of a set of seven replicates of a low-lead sample
(typically about 2-5 ug/L). The standard deviation was usually about 0.3 ug/L, so the quantitation limit
was usually about 0.9-1.0 ug/L. For prepared blood samples (diluted 1/10), this corresponds to a
quantitation limit of 10 ug/L (1 (.ig/dL). For soft tissues ('liver and kidney, diluted 1/10), this corresponds
to a quantitation limit of 10 ug/kg (ng/g) wet weight, and for bone (diluted 1/500) the corresponding
quantitation limit is 0.5 ug/g (ng/mg) ashed weight. All responses below the quantitation limit were
evaluated at one-half the quantitation limit.

Lead analytical results for 12-month study samples are presented in Appendix A, Table A-5; the results
for quality assurance samples are presented in Appendix A, Table A-6, and are summarized below
('Casteel et al., 2006a). Lead analytical results for 24-month study samples are presented in Appendix C,
Table A-5; (he results for quality assurance samples are presented in Appendix C, Table A-6. and are
summarized below (Casteel et al., 2006b) in Section 2.3.



2.2 IN VITRO BIOACESSABILITY STUDY

In addition to the in vivo work using young swine, in vitro determinations were performed by Dr. John
Drexler of the University of Colorado on both the 12-month and 24-month test soils. In vitro methods
have been developed for measuring the portion of Pb solubilized from soil materials under simulated
gastrointestinal conditions (Ruby et ai., 1996). These results, often referred to as the bioaccessible
fraction (BAF). are thought to be an important determinant of bioavailability. Thus, BAF is not
necessarily equal to RBA, but depends on the relation between results from a particular in vitro test
system and an appropriate in vivo model/test animal (Ruby et al., 1999).

The in vitro tests simulate the gastrointestinal environment via sequential extraction ot'Pb (from soil, etc.)
using strong acid and paraneutra! aqueous solutions; these fluids mimic the pH conditions found in the
stomach and small intestine, respectively. The extract'is filtered (0.45 urn) and then analyzed for its Pb
content. The mass of Pb found in the aqueous phase, divided by the Pb mass introduced in the test,
represents the sample-specific BAF. To date, for Pb-contaminated soils, the in vitro method has
correlated well with the RBA values (USEPA. 2()04a).

The in vitro bioaccessibility portion of the study used an EPA-approved method (extraction) and analysis
methodologies, plus quality assurance/quality control guidance (EPA, 2005). Essentially, the extraction
step uses 100 mL of pH 1.5 fluid (prepared using concentrated hydrochloric acid and containing 0.4
moles/liter glycine) and 1 gram of soil. The mixture is placed in a 125-mL high-density polyethylene
bottle, sealed, and then agitated at 30 revolutions per minute for 1 hour at 37 °C on a modified TCLP
extractor. Assuming maintenance of the above pH. the solution is passed through a 0.45-um disk filter,
and then the filtrate is stored at 4 °C until analyzed. The solution is then analyzed for Pb using ICP-AES
.(SW-846-601 OB; USEPA, 2004b).

2.3 QUALITY ASSURANCE FOR THE IN VIVO STUDY

2.3.1 University of Missouri Activities

A number of quality assurance (QA) steps were taken during this project to evaluate the accuracy of the
analytical procedures. These activities are discussed below.

2.3.1.1 Spike Recovery

Randomly selected samples were spiked with known amounts of lead (as lead acetate) and the recovery of
the added lead was measured. Recovery for individual samples ranged from 83% to I 18%. with an
average of 99 ± 8.1 % (N = 34) for the 12-month study.

During the 24-month study, randomly selected samples were spiked with known amounts of lead (as lead
acetate) and the recovery of the added lead was measured. Recovery for individual samples ranged from
85% to 115%, with an average of 98% ± 7.7% (N = 49).

2.3.1.2 Duplicate Analysis of Sample Digestate

Periodically during sample analysis for the 12-month study, samples were randomly selected for duplicate
analysis (i.e., the same prepared sample was analyzed twice). All duplicate results (N = 44) agreed within
± 15% relative percent difference (RPD) (for analytical results greater than 10 ug/L) or ±I ug/L (for
analytical results less than or equal to 10 ug/L), as required by the analytical protocol.
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Similarly, during sample analysis for the 24-month study, samples were randomly selected tor duplicate

analysis. Nearly all duplicate results (N = 43) agreed wiihin ±15% relative percent difference (RPD) or
±1 times the detection limit, as required by the analytical protocol. Two blood sample duplicates had
differences exceeding the detection limit by 1.2 and 2.2 U-g/L; one liver sample duplicate had a RPD of
19%.

2.3.1.3 Sample Preparation Replicates

A random selection of about 20% of all tissue samples generated during the 12-month study were
prepared for laboratory analysis in duplicate (i.e., two separate subsamples of blood/tissue were prepared
for analysis). The results for these replicate preparations are summarized in Figure 2-2a. As seen, the
analytical results for replicate pairs of blood samples (Panel A of Figure 2-2a) tend to follow the line of
equality, indicating that the replicate pairs are generally in good agreement. The absolute difference
between replicate pairs of blood samples ranged from 0 to 3.0 (.ig/dL with an average of 0.65 u.g/dL (N =
27). As seen, there was also good reproducibility between replicate samples for tissues (Panels B and C
of Figure 2-2a). The absolute difference between replicate pairs of liver and kidney samples ranged from
0 to 0.03 ng/g with an average of 0.01 ng/g (N = 6). The absolute difference between replicate pairs of
femur samples ranged from 0.0 to 0.8 ug/g with an average of 0.33 ug/g (N = 3).
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A random selection of about 9% of all tissue samples generated dur ing the 24-monlh study were prepared
for laboratory analysis in duplicate and s u b m i t t e d lo the analy t ica l laboratory in a b l i nd fashion. The
results for these replicate preparations are summarized in Figure 2:2b. As seen, the ana ly t i ca l results for
replicate pairs of blood samples (Panel A of Figure 2-2b) tend to follow the l i n e of equa l i ty , i n d i c a t i n g
that the replicate pairs are generally in good agreement. The absolute difference between repl icate pairs
of blood samples ranged from 0.0 lo 1.4 (.ig/dL w i t h an average of 0.34 u.g/dL (N = 27). As seen, there
was also good reproducibil iry between replicate samples for tissues (Panels B and C of Figure 2-2b). The
absolute difference between replicate pairs of l iver and kidney samples ranged from 0.0 to 0.05 ug/g with
an average of 0.01 ug/g (N = 6). The absolute difference between replicate pairs of femur samples ranged
from 0.0 to 1.0 ug/g with an average of 0.40 j-ig/g. (N = 3).
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Figure 2-2b. Sample preparation replicates for the 24-month study.
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2.3.1.4 Laboratory Control Standards

Laboratory control standards (samples of reference materials for which a cert i f ied concentration of lead
has been established) were tested periodical ly du r ing sample analysis for both the 12-month and 24-
month studies. Results for the standards are summarized in Table 2-3.

Table 2-3. Summary of laboratory control standards for the in vivo study.
Laboratory control standard results for the sample weathered for 12-months

Standard

ERA Quality Control Std 697. 1/5

ERA Quality Control Std 697. 1/10

DOLT-3 (dogfish liver)

TORT-2 (lobster hepalopancreas)

NISTSRM MOO (bone ash)

LUTS-1 (lobster hepalopancreas)

Target Value
(Acceptable Range)

17.5
(15 .75 - 19.25)

8.75
(7.9-9.6)

0.319
(0.274 -0.365)

0.35
(0 .22-0.48)

9.07
(8.95-9.19)

0.0 1 0
(0.008-0.012)

Mean

18.2

8.99

0.255

0.26

9.09

< DL
(.0.01)

Range

16.3- 19.2

8.2-9.6

0.24-0.27

0.24 -0.27

-

-

SD

0.9

0.3

0.021

0.019

-

-

Mean %
Recovery

104.2%

102.7%

79.9%

72.9%

100.2%

-

N

17

43

T

7

1

1

Laboratory control standard results for the sample weathered for 24-months

CDC 294

CDC 690

NISTSRM MOO (bone ash)

DOLT-3 (dogfish liver)

TORT-2 (lobster hepatopancreas)

1.9

4.8

9.07
(S. 95 -9. 19)

0.319
(0.274 -0.365)

0.35
(0.22 -0 .48)

2.0

3.98

8.95

0.32

0.28

2.0-2

3.6-4.2

8.4-9.5

0.29-0.34

0.26-0.30

0

0.21

0.778

0.04

0.02

105. 3

82.9

98.7

98.8

80.0

5

1 1

->

i

4

As seen, recovery of lead from these standards was generally good and w i t h i n the acceptable range.

2.3.1.5 Blood Lead Check Samples

The CDCP provides a variety of blood lead "check samples" for use in quali ty assurance programs for
blood lead studies. Several CDCP check samples of different concentrations were analyzed periodically
during blood sample analysis for the 12-month and 24-month studies. The results for the 12-month study
are summarized in Figure 2-3a.
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Figure 2-3a. CDCP blood lead check samples for the 12-month study.
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Figure 2.3b. CDCP blood lead check samples for the 24-month study.

The results for all standards for both the 12-month and 24-month studies generally cluster around the line
of equality, but tend to be slightly lower than expected; the reason for this is not known.

2.3.1.6 Blanks

Samples of the sample preparation matrix for each endpoint (without added tissue) were routinely
analyzed for lead to ensure the absence of lead contamination. These matrix blanks never yielded a
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measurable level of lead during the 12-month study, with all values being reported as less than 1 ug/L
(N = 60).

Similarly during the 24-month study, these matrix blanks never yielded a measurable level of lead, with
all values being reported as less than the detection limit (N = 23).Based on the results of all of the quality
assurance samples and steps described above, it is concluded that the analytical results are of sufficient
quality for derivation of reliable estimates of lead absorption from test materials.

2.3.2 Technical Systems Audit of the VMDL Activities by WISE

2.3.2.1 Introduction

On June 14, 2005. a technical systems audit (TSA) of procedures for Held and subsequent laboratory
analytical activities for the Investigation of Lead-Contaminated Soils and Lead Ore Concentrate
Bioavailability Rates. Subtask 2- Determination of Lead Ore Concentrate Bioavailabilily Rales. Regional
Applied Research (RARE) Project was performed at the UM/VMDL in Columbia, Missouri. The audit
was conducted by Ken Reick of MSB Technology Applications, Inc. (MSE). The criterion upon which
the TSA was based was the approved project-specific quality assurance project plan (QAPP), as well as
universally recognized good field and laboratory practices.

2.3.2.2 Audit Procedures

The TSA commenced at 8:15 AM and concluded at 4:10 PM. The scope of the TSA included:

personnel;
- equipment;
- documentation (logbooks and chain-of-custody forms):
- sampling procedures;
- analytical procedures; and

procedural completeness.

There were no TSA findings or observations for any of the above areas. Findings are defined as: non-
conformances at the project level that may have a significant adverse effect on quality. Observations are
defined as: non-conformances at the project level that may not have a significant adverse effect on
quality. Additional technical comments are defined as: items identified during the course of the audit that
were not specified in the QAPP, but should be addressed to improve the operation of the project.

2.3.2.3 Audit Results

Personnel

The personnel present during the review were Ken Reick (MSE QA Staff), Dr. Stan W. Casteel, Margaret
Dunsmore, Ashley Akeman. John Borzillo, and Dr. Genny Pent. Dr. Casteel is the UM/VMDL
representative and is an internationally-recognized veterinary lexicologist. Ms. Dunsmore is the
UM/VMDL QA Officer and analytical chemist with extensive experience in these fields. Dr. Pent is a
doctor of veterinary medicine, Ms. Akeman is working on her Animal Science degree, and Mr. Borzillo is
an Animal Science graduate and will enter Veterinary School in the fall. All of these personnel were well
versed in their project responsibilities.
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There were no findings, observations, or technica l comments for th is portion of the TSA.

Equipment Description

The young swine used in the in vivo b ioava i l ab i l i t y studies are kept in separate stainless steel lead-free
cages. The equipment used for obtaining blood samples consists of a syringe and Vacutainer tubes. The
equipment used for analyzing the blood, soil, tissue, and bone samples is an AA Analys t - 800 Perkin
Elmer THGA graphite furnace atomic absorption spectrophotometer.

Fol lowing the collection of blood samples (discussed in Section 2.1.6), swine dosing commenced at 9:00
AM. Each swine was dosed at two-minute intervals . At 1 1:00 AM, feeding commenced. This was also
at two-minute intervals. Equipment used were scales and a feeding tray in front of each cage. There were
no findings, observations or technical comments for this portion of the TSA.

Documentation

All sampl ing informat ion was recorded in a logbook and backed up electronical ly . Sample labe l ing
information was prerecorded on the Vacutainers.

A chain-of-custody for soil samples delivered to the UM/VMDL from Linco ln Univers i ty was examined.
All of the required information was on the chain-of-custody form.

There were no findings or observations for th i s portion of the TSA.

Sampling Procedures

The only sampling procedures that were observed dur ing the TSA were obtaining blood samples. The
pigs are picked up by thei r h ind legs and placed on the i r back on a concave pi l low underneath a p las t ic
sheet. The person operating the syringe holds the pig's mouth shut as blood is being drawn. The
Vacutainer tubes are refrigerated after collect ion.

The sampl ing procedures went smoothly and were carried out professionally. There were no findings and
or observations in this portion of the TSA.

Laboratory Analytical Procedures

Although there were no analy t ica l laboratory procedures being conducted on the day of the TSA. Ms.
Dunsmore, Dr. Casteel and Dr. Pent explained the ana ly t i ca l procedures and provided documentat ion that
is used, i n c l u d i n g applicable SOPs. Ms. Dunsmore also operated the Perkin Elmer AA and explained the
various software programs that operate the i n s t rumen t .

There were no findings or observations for th i s portion of the audi t .

Procedural Completeness

During the TSA, which included reviews of the SOPs used by the staff, it was discovered that the
procedures contained in the project QAPP, par t icular ly the SOPs, are not ent irely compatible with the
procedures being used at the UM/VMDL. It was apparent that thorough reviews of the various drafts of
the QAPP were not adequately performed. This is a technical comment.

Recommended corrective actions resul t ing from the audi t are summarized below:
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• Review the QAPP for correctness as drai ls become avai lable and inform the person w r i t i n g the
QAPP of any inconsistencies or deficiencies.

• UM/VMDL personnel should make ava i lab le to MSB QA personnel all the pert inent SOPs being
used for t h i s study so that the QAPP can be updated.

2.4 QUALITY ASSURANCE FOR THE IN VITRO STUDY

Qual i ty assurance was a focus of the in vivo studies at UM/VMDL. The in vitro studies also included
activities to produce data of documented q u a l i t y .

2.4.1 Extraction Fluid Analysis

Filtered samples of extraction f lu id were stored in a refrigerator at 4 °C u n t i l they were analyzed (wi th in I
week of extraction). Filtered samples were analyzed for lead by ICP-AES or ICP-MS (EPA Method 6 0 I O
or 6020). Method detection l i m i t s (MDLs) in extraction fluid were calculated to be 19 and 0.1 (.ig/L for
Methods 6010 and 6020. respectively (USEPA. 2004b).

2.4.2 Quality Control/Quality Assurance

Quali ty assurance for the extraction procedure consisted of the fol lowing qua l i t y control samples for the
12-month and 24-month studies.

• Reagent Blank - extraction f l u i d analyzed once per batch.
• Bottle Blank - extraction fluid only (no test soil) run through the complete procedure at a

frequency of 1 in 20 samples.
• Blank Spike - extraction f l u i d spiked at 10 mg/L lead, and run through the complete procedure at

a frequency of I in 20 samples.
• Matrix Spike - a subsample of each mater ia l used for d u p l i c a t e analyses was used as a matr ix

spike. The spike was prepared at 10 mg/L and run through the extraction procedure at a
frequency of 1 in 10 samples.

• Duplicate Sample -dup l i ca t e sample extractions were performed on I in 10 samples.
• Control Soil - National Insti tute of Standards and Testing (NIST) Standard Reference Material

(SRM) 271 I (Montana Soil) was used as a control soil . The SRM was analyzed in t r ip l ica te .

Control l i m i t s for these q u a l i t y control samples are shown in Table 2-4.

Table 2-4. Summary of quality control limits for the in vitro study.
Analysis

Reagent blank

Bottle blank

Blank spike (10 mg/L)

Matrix spike (10 mg/L)

Duplicate sample

Control soil (NIST 2711)

frequency

once per batch

5%

5%

10%

10%

5%

Control Limits

< 25 Mg/L lend

< 50 Mg/L lead

85%- II 5% recovery

75%- 125% recover)1

± 20% RPD a

± 10% RPD"

Note: a RPD = re la t ive percent difference

To evaluate the precision of the in vitro bioaccessibility extraction protocol, approximately 67 replicate
analyses of both NIST SRM 2710 and 2711 have been conducted over a period of several months. Both



standards yield highly reproducible results, with a mean coefficient of variation of about 6%. All quality
control sample results were within acceptable ranges for both the 12-month and 24-month in vitro studies.

2.5 FIELD CONTAMINATION CHECK

In September 2006, preliminary results using a field x-ray fluorescence (XRF) device indicated that the
chicken wire that was used to cover the test plots contained approximately 700 ppm Pb. A sample of the
chicken wire was then collected and analyzed in the laboratory by method EPA Region 7 RLAB Method
3 122.3B. The laboratory results indicated that there was no detectable lead in the chicken wire (<10
ing/kg). The high field results for XRF analysis of the chicken wire may have resulted from an
interference with the zinc contained in this galvanized chicken wire.

As further evidence that the using this chicken wire to cover the test plots did not impact the study results,
the control plot Pb concentrations did not change significantly during the two-year study period. These
results are summarized in Table 2-5.

Table 2-5. Summary of Pb concentrations in control plot before and after study
Sample Description

Herculaneum Pb Smeller Site Control plol soil

Hcrculaneum 1'b Smeller Sile Control plot soil

Hcrculaiicum I'b Smeller Site Control plot soil

Date Collected

5/12/04

9/29/06

9/29/06

Sample ID

HER-2629

101

102

Total Lead Kcsulls (ing/kg)

36

24.4

28.2

As demonstrated by the results in Table 2-5, the control plot concentrations did not change significantly,
which would have been expected if there was a substantial concentration of Pb in the chicken wire used to
cover the test plots.

3. DATA ANALYSIS

Data analysis procedures were identical for the 12-month and 24-month studies. These procedures are
discussed in the sections below.

3.1 OVERVIEW

The basic approach for measuring lead absorption in vivo is to administer an oral dose of lead to test
animals and measure the increase in lead level in one or more body compartments (e.g., blood, soft tissue,
bone). In order to calculate the RBA value of a test material, the increase in lead in a body compartment
is measured both for that test material and a reference material (lead acetate). Because equal absorbed
doses of lead (as Pb+2) will produce equal responses (i.e., equal increases in concentration in tissues)
regardless of the source or nature of the ingested lead, the RBA of a test material is calculated as the ratio
of doses (test material and reference material) that produce equal increases in lead concentration in the
body compartment. Thus, the basic data reduction task required to calculate an RBA for a test material is
to fit mathematical equations to the dose-response data for both the test material and the reference
material, and then solve the equations to find the ratio of doses that would be expected to yield equal
responses.

Some biological responses to lead exposure may be non-linear functions of dose (i.e., tending to flatten
out or plateau as dose increases). The cause of this non-linearity is uncertain but might be due either to
non-linear absorption kinetics and/or to non-linear biological response per unit dose absorbed. However,
the principal advantage of the approach described above is that it is not necessary to understand the basis



for a non-linear dose response curve (non-l inear absorption and/or non- l inear biological response) in
order ro derive va l id RBA estimates; in a d d i t i o n , t h i s approach is general and yie lds r e l i ab le results for
both non-l inear and l inea r responses.

A detailed description of the curve-fining methods and rationale, along with the methods used to quan t i fy
uncertainty in the RBA estimates for the test mater ia l , are presented in USEPA (2004a) and are
summarized below.

3.2 MEASUREMENT ENDPOINTS

Four independent measurement endpoints were evaluated based on the concentration of lead observed in
blood, l iver, kidney, and bone (femur) . For l iver , kidney, and bone, the measurement endpoint was
simply the concentration in the tissue at the t ime of sacrifice (day 15). The measurement endpoint used to
quant i fy the blood lead response was the area under the curve (AUC) for blood lead vs. t ime (days 0-15).
AUC was selected because it is the standard pharmacokinetic index of chemical uptake into the blood
compartment, and is relatively insensi t ive to small variations in blood lead level by day. The AUC was
calculated using the trapezoidal ru le to est imate the AUC between each t ime point that a blood lead value
was measured (days 0, 1 , 2 , 3, 5, 7, 9. 12, and 15):

AUC(d, to dj) - 0.5 • (r, + r,) • (d, - d,)

where:

d = day number
r - response (blood lead value) on day i ([;) or day j (n)

The areas were then summed across all t ime intervals in the study to y ie ld the final AUC for each animal .

Occasionally blood lead values are obtained that are clearly different than expected. Blood lead values
that were more than a factor of 1.5 above or below the group mean for any given day were flagged as
potent ial outliers and are shaded in Appendix A, Table A-7 for the 12-month study and Table A-7 in
Appendix C for the 24-month study. Each data point ident i f ied in t h i s way was reviewed and
professional judgment was used to decide if the va lue should be retained or excluded. In order to avoid
inappropriate biases, blood lead ou t l i e r designations are restricted to values that are clearly aberrant from
a time-course and/or dose-response perspective. In both the 12-month and 24-month studies, no values
were judged to be a clear outlier; all blood lead data were included in the calcula t ion of AUC.

3.3 DOSE-RESPONSE MODELS

3.3.1 Basic Equations

It has been shown previously (USEPA, 2004a) that nearly all blood lead AUC data sets can be wel l - f i t
using an exponential equation and most tissue ( l iver , kidney, and bone) lead data can be well-f i t using a
linear equation, as follow:

Linear (liver, kidney, bone): Response = a + b • Dose
Exponential (blood lead AUC): Response = a + b • [I - exp(-c • Dose)]

3.3.2 Simultaneous Regression
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Because the data to be analyzed consist of three dose-response curves for each endpoint (the reference
material and two test materials) and there is no difference between the curves when the dose is zero, all
three curves for a given endpoint must have the same intercept. This requirement is achieved by
combining the two dose response equations into one and solving for the parameters simultaneously.
resulting in the following equations:

Linear: y = a + b,-x, + b,-x,

Exponential: y = a + b • [ (I-exp(-c,.-x,.)) + ( l-expf-CfX,)) ]
where:

y = response
x = dose
a, b, c = empirical coefficients for the reference material (r) and test material (t).

All linear model fitting was performed in Microsoft® Office Excel using matrix functions. Exponential
model fitting was performed using JMP*' version 3.2.2. a commercial software package developed by
SAS*.

3.3.3 Weighted Regression

Regression analysis based on ordinary least squares assumes that the variance of the responses is
independent of the dose and/or the response (Draper and Smith. 1998). It has previously been shown that
this assumption is generally not satisfied in swine-based RBA studies, where there is a tendency toward
increasing variance in response as a function of increasing dose (heteroscedasticity) (USEPA, 2004a). To
deal with heteroscedasticity, the data are analyzed using weighted least squares regression. In this
approach, each observation in a group of animals is assigned a weight that is inversely proportional to the
variance of the response in that group:

where:

w; = weight assigned to all data points in dose group i
o2| = variance of responses of animals in dose group i

(Draper and Smith, 1998).

As discussed in USEPA (2004a), there are several alternative strategies for assigning weights. The
preferred method identified by USEPA (2004a) and the method used in this study estimates the value of
o2| using an "external" variance model based on an analysis of the relationship between variance and
mean response using data consolidated from ten different swine-based lead RBA studies. Log-variance
increases as an approximately linear function of log-mean response for all four endpoints:

where:

s,2 = observed variance of responses of animals in dose group i

Vi = mean observed response of animals in dose group i



Values of kl and k2 were derived tor each endpoint using ordinary least squares m i n i m i z a t i o n , and the
resul t ing values are shown below:

Endpoint

Blood AUC

Liver

Kidney

Femur

kl

-1.3226

-2.6015

-1.8499

-1.9713

k2

1.5516

2.0999

1.9557

1.6560

3.3.4 Goodness-OIF-Fit

The goodness-of-fit of each dose-response model was assessed using the F-lest s tat is t ic and the adjusted
coefficient of m u l t i p l e de te rmina t ion ( A d j R :) as described by Draper and Smi th (1998). A fit is
considered acceptable if the p-value is less than 0.05.

3.3.5 Assessment of Outliers

In biological assays, it is not uncommon to note the occurrence of i n d i v i d u a l measured responses tha t
appear atypical compared to the responses from other an ima l s in the same dose group. In th i s study,
endpoint responses that yielded standardized weighted residuals greater than 3.5 or less than -3.5 were
considered to be potential out l iers (Canavos, 1984). When such data points were encountered in a data
set, the RBA was calculated both with and without the potential outlier(s) excluded, and the result with
the outlier(s) excluded was used as the preferred estimate.

3.4 CALCULATION OF RBA ESTIMATES

3.4.1 Endpoint-specific RBA Estimates

Lead R.BA values were estimated using the basic s ta t i s t ica l t echniques recommended by Finney (1978).
Each endpoint-specific RBA value was calculated as the rat io of a model coefficient for the reference
material data set and for the test material data set:

Linear endpoints: RBA, = b, / b,
Exponential endpoint : RBA, = c, / c.

The uncertainly range about the RBA ratio was calculated using Fieller 's Theorem as described by Finney
(1978).

3.4.2 RBA Point Estimate

Because there are four independent estimates of RBA (one from each measurement endpoint) tor a given
test material , the f inal RBA estimate for a test material involves combining the four endpoint-specific
RBA values into a single value (point estimate) and est imat ing the uncertainty around that point es t imate .
As described in USEPA (2004a), analysis of data from m u l t i p l e studies suggests that the four endpoint-
specific RBA values are all approximately equal ly reliable (as reflected in the average coefficient of
variation in RBA values derived from each endpoint). Therefore, the RBA point estimate for the test
material was calculated as the s imple mean of all four endpoint-specific RBA values.
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The uncertainty bounds around this point estimate were estimated using Monte Carlo simulation. Values
for RBA were drawn from the uncertainty distributions for each endpoint with equal frequency. Each
endpoint-specific uncertainty distribution was assumed to be normal, with the mean equal to the best
estimate of RBA and the standard deviation estimated from Fieller's Theorem (Finney. 1978). The
uncertainly in the point estimate was characterized as the range from the 51'1 to the 95lh percenlile of the
mean across endpoints.

4. RESULTS

4.1 CLINICAL SIGNS

The doses of lead administered in the 12-month and 24-month studies are below a level that is expected to
cause toxicological responses in swine, and no clinical signs of lead-induced toxicity were noted in any of
the animals used in either study.

4.2 BLOOD LEAD VS. TIME

Blood lead data for individual animals are presented in Appendix A, Table A-7 and Figure A-1 for the 12-
month study and Appendix C, Table A-7 for the 24-month study. Group mean blood lead values as a
function of time for the 12-month study are shown in Figure 4- la and the group mean blood lead values
as a function of time for the 24-month study are shown in Figure 4-lb.
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Figure 4-lb. Group mean blood lead by day for the 24-month study.
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As seen in both Figure 4-1 a and 4- lb. blood lead values began al or below quantitation limits (about 1
ug/dL) in all groups for bolh the 12-month and 24-month studies, and remained at or below quantitation
limits in control animals (Group 1). In animals given repeated oral doses of lead acetate (Groups 2-4) or
test soil (Groups 5-7). blood levels began to rise within 1-2 days, and tended to plateau by the end of the
study (day 15).

4.3 DOSE-RESPONSE PATTERNS

4.3.1 Variance

As discussed in Section 3.3, the dose-response data are analyzed using weighted least squares regression
and the weights are assigned using an "external"' variance model (USEPA, 2004). As shown in Figure 4-
2a (12-month study) and 4-2b (24-month study), the variance of the data from these studies is generally
quite similar to that of the data used to generate the variance model for all four measurement endpoints.

4.3.2 Blood Lead AUC

As discussed in Section 3.2. the measurement endpoint used to quantify the blood lead response was the
area under the curve (AUC) for blood lead vs. time (days 0-15). The AUC determinations are presented
in Appendix A, Table A-8 for the 12-month study and Appendix C. Table A-8 for the 24-month study.

The blood lead AUC dose-response data were initially modeled using an exponential equation (see
Section 3.3); however, a solution could not be obtained with this model for the 12-month study.
Although most blood lead AUC data sels can be well-fit using the exponential model, occasionally blood
lead AUC data sets do not yield a solution or yield unstable solutions for the exponential model, as was
the case here. As discussed in USEPA (2004a), the difficulty in modeling such data sets appears to be
due to the fact that the data have relatively less curvature than most blood lead AUC data sets. Because
of this lack of curvature, it is not possible to estimate the exponential plateau value (b) with confidence,
which in turns makes it difficult to estimate the other parameters of the exponential model. In such cases,
there are several alternative evaluation methods, including a) using the model fits from a different
nonlinear model (e.g., power, Michaelis-Menton), b) using the fit for the linear model, and c) fitting the
data to the exponential model using a defined value for the plateau based on results from other data sets.
In USEPA (2004a), it was determined that the results (i.e., the RBA values based on the blood lead AUC
endpoint) were generally similar for all three of these approaches and it was concluded that the results
from the linear fit were an appropriate alternative to the exponential model in these cases. Therefore, the
linear model was used for the blood lead AUC dose-response data for the 12-month study. The results of
this fitting are shown in Figure 4-3a.
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Figure 4-2a. Variance models for 12-month study.
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Figure 4-2b. Variance models for 24-month study.

For the 24-month study, the exponential equation in Seclion 3.3 was used and an appropriate solution was
obtained. The results of th i s fitting are presented in Figure 4-3b. No blood lead AUC outliers were
ident if ied in either study; no AUC data were excluded from the f inal evaluat ion of blood lead RBA.

4.3.3 Tissue Lead

The dose-response data for lead in liver, k idney, and bone (measured at sacrifice on day 15) were
modeled using a linear equation (see Section 3.3). The results of these fittings are shown in Figures 4-4a
(liver), 4-5a (kidney), and 4-6a (femur) for the 12-month study and Figures 4-4b (liver), 4-5b (kidney),
and 4-6b (femur) for the 24-month study. One endpoint out l ier was ident i f ied in the femur control group
(as indicated in Figure 4-6b) and was excluded lor evaluation for lead RBA. The results with this outlier
excluded are presented in Figure 4-6c.

4.4 CALCULATED RBA VALUES

Relative bioavailability values for these test soils were calculated for each measurement endpoint (blood
lead AUC, liver, kidney, and bone) using the method described in Section 3.4; the suggested point
estimate is calculated as the s imple mean of the four endpoint-specific estimates. The results are shown
in Table 4-1 for both the 12-month and 24-month test soils.
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Figure 4-3a. Blood lead A L/C dose-response: linear model (all data) for the 12-month study.
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Figure 4-4a. Liver lead dose-response (all data) for 12-month study.

34



Reference Material (Lead Acetate) Test Material 2 (HER-3201 Soil)

Dose-Resixinse Cuive

-00 COT

Dos.; l-j

09

5 •'

1

Residual Plot

»* •** .

KTO 3000 JOOO OCCO

SQHT('.'/1 ' Cose

ujl Plot

o Ouiwj o!
A ri-31U.iKi.al '

2000 2MO
SOHfi'AV D-VXJ

-o:<i scio

Summary o< Filling'1 A NOVA

Parameter
a

U,

b:r
Covariancc ib,.b..)

Deyrees o( Freedom

Estimate

•J.98E-03

1 51E-03

1.18E-03

O.OOM

30

SMrwJaid Crror
B.8311-U4

1 UE-04

Q.12E-05

' y = a + b,-*, * b..,-x.,

Source
Fit

Error

rouu

MSE
21494

1 29

14.6J

SlaUslic.
F

?
Adjusted R'

Eitimale

ICG.4G7

< 0.00 1

0.9 US

R6A and Uncertainty

Tcsl Molc.-i.-il 2

REA

Lower bound*1

Upper bounir

Sl.incl.inl Error'

078

065

0.05

0.085
0 Caici/oietJ using Fieflcfs i

Figure 4-4b. Liver lead dose-response (all data) for 24-month study.



Reference Material (Lead Acetate) Test Material 1 (Soil)

Dose-Response Curve

£•
•f -coo

«, BOO

f
-'
5 GtO

§ .1(.0
a

= 200

0 I
(

OCorrtro*
• Rcfniunce FfUlenal

»

/*^

> :co 4co GOO
Dose iii'i PurtjjKl)

600 TOO

Dcsen.ijPb.Vjdl

1 '
«
3: 2

^f .,
ff

I 0

1 -2

Residual Plot

»*»

Resjd'jaiPIo;

OCnnt.-L.i

& Tcs: Mrfici^l t

SORTIW) ' Crac OKTf.Vl ' Don:

Summary of Fitting''

Parameter

a
b.

b,,
" " b,.

Covariance (b,.t>,.)

Covariance (b,.bet

Degtees of Fieedom

Estimate

645E-00

1.00E»00

8.4615-01

0.02S7

30

Standard Error
i.-.ee-oo

930E-02

5 67E-02

"y = a

ANOVA

Source

Fil

linor

Tolal

MSE
SI 54

066

65-4

Figure 4-5a. Kidney lead dose-response (all data) for 12-month study.

Statistic
F

0

Adjusted H-

Eslimate

135.338

<O.Q01

O.E966

RBA and Uncertainty

Test Maien.il

RBA

Lower bound1*

Upper bourxf

SundJrd Errof9

084

069

I 04

0 10!
3 CaiciAited using Field's iheorom

36



Reference Material (Lead Acetate) Test Material 2 (HER-3201 Soil)

Dose-Responso Curve Dose-Response Curve

300 ICt'O

3 o"

Residual Plot

• * *

I *

2000 . 2000 -3KO

SOflliWl-Ooie

3 3

al Plol

O Conuul
A ~«ibi w.it-iti.

2BB 3000
SORrV/i ' COM

-ox iroc

Summary of Fitting4

Parameter

a

b,

.̂.
Covanancc (b,.̂ -.)

Degrees of FreeAjm

Estimate

4.B5E-03

9.49E-04

7.31E-O4

0.0166

30

Standard Erroi'

a.70i?-04

8.0 IE-OS

5.6S6-05

~

y = a * b. x, » b.,-x,,

ANOVA

Scx/rce

Fit

Error

Total

MSE

72 OJ

047

J.95

Figure 4.5b. Kidney lead dose-response (all data) for 24-month study.

Slatislic

F

P

Ar.f;ust«i R-

Estimate

152.226

< 0.001

0.9043

RBA and Uncertainty

Tcsl Mutcnaf 2

RBA

Lov.er bournl0

Upper boutxT1

Suinctiiid Error"

0 7 7

064

OM

o.ca?
n Calculated using Fieflci's lhoo<t!m

37



Reference Material (Lead Acetate)

Dose-Response Curve

0 Control
4 Refoicnce MaKVQi

40C

Dose ip

Residual Ptol

O Connc:
. « Reference r.1ot(Ni,il

a

* n<
t
« •'
? -2*
a
01 -3

•4

' -• « ̂  .
> :

* * !

> * •

• i

!

ioa
SORT(W Dote

I -o

as .3

Test Material 1 (Soil)

Dose-Response Curve

Residual Plot

50 ;CO
SOR" iVft • i

Summary of Fitting"
Porameler

a

b,

""

Covariance (b..bcj

Degrees at Freodom

Estimate

560E-01

52IE-02

3.6IE-02

0.0664

30

Standard Error

737E.02

3 1&E 03

1 68C-03

:
• y = a * b/x, + b,.. b,, x^

ANOVA

Source

Fi:
Erio*

Total

MSE

US 66

C<3

1000

Figure 4-6a. Femur lead close-response (all data) for 12-month study.

SUUsIic

F

f>

MfKUXlrf

Estimate

342.950

<0001

03566

RBA and Uncertainty

7^sl M.lleiinl 1

RBA

Uosucf bcurwT

Upper hcuncf

Standard C-rrcr

060

05i

0.79

fiOS?

~ Calculated using f t

38



5
5 20
2

Reference Material (Lead Acetate)

Dose-Response Curve

Test Material 2 (HER-3201 Soil)

400 GOO 80(1

DOM: (pg Pb.yg-d)

Cur/L-

Residual Plot

• Rofercnco MafotMi

sUual PIOl

r

l GO ;50

SQRIfVO ' DOM
•,oo ;so
SQHTf.v; 'Dcse

Summary of Fitting* ANOVA

Parametef

a

b,

b--
Covanancc fb..bc;)

Degrees c>f Freerfcun

Estimate

3.08E-01

3.48E-02

3.00E-02

0.1330

30

Standard Error

1.61E-01

5.1GE-OJ

2.996-03

_

y = a + b,-x, * b,,•>„

Source

fa

Error

Total

USE

123.75

l.'JO

951

Slntisuc

F

p
Adjusted R*'

Estimate

G5.221

--'0.001

OS005

RBA and Uncertainly

LO'.ver IMUIKI"

Uppur bound"

Standard Error3

OSS

O.S5

1.18

O 14-1-

Colculat£xJ usuiy r luflui's theorem

" g i 0.05. ostinuu: ts unceatiin

Figure 4-6b. Femur lead dose-response (all data) for 24-month study.

39



7, '0

Reference Material (Lead Acetate)

Dose-Response Curve

Test Material 2 (HER-3201 Soil)

JOO

Ooto (

5 o

Residual Ploi

100 150

so«r(ivi • DOM

Rendu.nl Plol

O Cunuul
. A Test '.lj:c'in:

100 :£O
SOXHWOcw

Summary of Fitting'

Paramsior

a

b.

br.

Covariancc (b,.l>-..)

Deyees o( Fteedom

Estimate

1.49E-01

3.76E-02

3.07E-O2

0.0478

29

Standard Enor

6 80E-02

3.46E-03

221E-03

"

' y = a + b,-», * bt, x.,

ANOVA

Source

Fit

Enor

Tola!

MSE

IG0.01

1.08

11 37

Slntislic

F

p

AcljuslwJ R;

Estimate

148 .063

< 0.001
09050

RBA and Uncertainty

Tesl Maien.il 2

R3A

Lower bound*

Uppci IXXJIK/'

Stond.ird Error6

0.82

0.68

1.00

0093
1 Calculated using F relict's Vt

Figure 4-6c. Femur lead dose-response (outlier excluded) for 24-month study.

40



Table 4-1. Summary ofend-

Mea.su re men t End point

point specific RBA estimates.

Kstiniiileil Soil RBA
(90% Confidence Interval)

RBA estimates lor soil weathered lor 12-months

Blood Le;id AUC*

Liver Lead

Kidney Lead

Femur Lead

Point Estimate

0.75 (0.62-0.93)

1.01 (0.76- 1.3-4)

0.84(0.69- 1.04)

0.69(0.61 -0.79)

0.82(0.63- 1 .15 )

RBA estimates lor soil weathered lor 24-momlis

Blood Lead AUC

Liver Lead

Kidney Lead

Femur Lead

Point Estimate

0.90(0.68 - 1 . 1 5 )

0 .78(0.65-0.95)

0.77 (U.64 -0.94)

0.82(0.68- 1.00)

0.82(0.65- 1.02)

* Blood AUC data were fit to the linear model for the 12-month
sample.

As seen, using lead acetate as a relative frame of reference, the RBA point estimate is approximately 82%
for the test soil for both the 12-month and 24-month studies.

4.5 UNCERTAINTY

The bioavailability estimates above are subject to uncertainly that arises from several different sources.
One source of uncertainty is the inherent biological variability between different animals in a dose group,
which in turn causes variability in the amount of lead in the tissues of the exposed animals. This
between-animal variability in response results in statistical uncertainty in the best-fit dose-response curves
and, hence, uncertainty in the calculated values of RBA. Such statistical uncertainty is accounted for by
the statistical models used above and is characterized by the uncertainty range around the endpoint-
specific and the point estimate values of RBA.

However, there is also uncertainty in the extrapolation of RBA values measured in juvenile swine to
young children or adults, and this uncertainty is not included in the statistical confidence bounds above.
Even though the immature swine is believed to be a useful and meaningful animal model for
gastrointestinal absorption in children, it is possible that there are differences in physiological parameters
that may influence RBA and that RBA values in swine are not identical to values in children. In addition,
RBA may depend on the amount and type of food in the stomach, since the presence of food can
influence stomach pH, holding time, and possibly other factors that may influence lead solubilization. In
this regard, it is important to recall that RBA values measured in this study are based on animals that have
little or no food in their stomach at the time of lead exposure and, hence, are likely to yield high-end
values of RBA. Thus, these RBA values may be somewhat conservative for humans who ingest the soils
along with food. The magnitude of (his bias is not known.

There were a few instances where some animals did not consume their entire dose during the 12-month
study (see Appendix A, Table A-3). However, the dosing technician observed each animal and attempted
to estimate the fraction of dose not consumed; these estimates of missed doses were then used to adjust
the time-weighted average dose calculation for each animal downward. Because these estimates of
missed doses are subjective, they introduce some uncertainty; however, the magnitude of this uncertainty
is thought to be small. All calculations are based on actual administered doses (not target doses) to
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compensate for dosing errors. During the 24-month study, all an imals consumed the i r en t i re dose on
everv occasion.

F ina l ly , lower concentrations of both ava i lab le -P and fiber occurred in the 24-month feed (Table 2-2b).
relat ive to those levels in the 12-month feed (Table 2-2a). Such difference may have allowed higher
levels of systemic bioavai lable Pb, as indicated by the higher Pb levels in blood and femur tissues in the
24-monlh study.

4.6 IN VITRO BIOACCESSIBILITY RESULTS

The summary of the in vi t ro bioaccessibility results is shown in Table 4-2 for the 12-month study and
Table 4-3 for the 24-month study. Lead ore concentrate samples were composited and prepared by Dr.
Yang and submitted to Dr. Drexler at the Univers i ty of Colorado for in vitro bioaccessibility testing. Dr.
Drexler performed the in v i t ro extraction in t r ip l ica te on -250 j.im materials . For the 12-month sample.
Dr. Drexler independently determined the to ta l lead in the -250 j-im soil . For the 24-month sample, he
used the bu lk concentration determined by Dr. Yang and did not verify the lead concentration.

Table 4-2. Summary of in vitro bioaccessibility results for the 12-month study.
Sample

ID
Weight

of
Sample

Solution
pH prior

lo
extraction

Solution
pll after

extraction

Pb
concentration

in <250 um
concentrate

(mg/Ug)

Calculated
Total Pb

in soil
used (ing

Pb)

Pb
concentration

in fluid
following

extraction
(mg/L)

Amount
of

Solution
(L)

% Pb
Bioaccessibility

In Vitro Bioassny Results Summary using Dr. Drcxler's Lead Concentrations for Sample weathered 12-montlis

HER-
2930-1

HER-
2930-2

HER-
2930-3

1.00021

1.00036

1.00036

1.5-4

1.54

1.5-4

1.57

1.57

1.57

2473

2465

2534

2.47

2.47

2.53

17.32

17.06

16.87

0.1

O.I

0.1

Mean ^-standard deviation (n=3)

In Vitro Bioassay Results Summary using Average Bulk

HER-
2930-1

I-1ER-
2930-2

HER-
2930-3

1.00021

1.00036

1.00036

1.54

1.54

1.54

1.57

1.57

1.57

2021

2021

2021

70

69

67

69 ± 1 .5

^ead Concentration lor Sample Weathered 12-months

2.01

2.02

2.02

17.32

17.06

16.87

0.1

0.1

O.I

Mean islandard deviation (n=3)

86

84

83

84 ± 1.5

Table 4-3. Summary of in vitro bioaccessibility results for tlie. 24-month study.
Sample

ID
Wcight

of
Sample

Solution
pH prior

lo
extraction

Solution
pll after

extraction

I'b
concentration

in <250 fim
concentrate

(ing/kg)

In Vitro Bioassay Results Summary using Average Bulk

HER-
3201-1

HER-

1.00133

1.00205

1.51

1.51

1.51

1.51

2 1 3 1

2 1 3 1

Calculated
Total Pb

in soil
used (nig

Pb)

Pb
concentration

in fluid
following
extract ion

(mg/L)

Amount
of

Solution
(L)

% Relative Pb
Bioaccessibility/

Availability

.-end Concentrations for Sample Weathered 24-monlhs

2.13

2.14

19.17

19.10

0.1

O.I

90

89
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3201-2

1-IER-
3201-3

1 .00027 1 . 5 1 1 . 5 1 2 1 3 1 2.13 IS. 63 U.I

Mean ±standard deviation (.n=3)

87

89 ± 1 .5

For the 12-month soil, IVBA using the Pb concentrations determined at the Universi ty of Colorado was
69% ± 1.5% (n=3). Using the bulk lead concentration for the 12-month test soil, the I VBA was 84% ±
1.5% (n=3). For the 24-month study, the I V B A for the test soil us ing the b u l k Pb concentration was 89%
± 1.5% (11=3).

5. DISCUSSION

The analytical results from Wilson (2003) characterize the test plot soils as follows: clay loam texture,
s l ight ly acidic (pH 6), low in organic mat ter (2.1 weight percent) and cation exchange capacity (11.6
meq/lOOg). plus being very low in total phosphorus (17 Ibs/acre). The lead speciation studies performed
by Johnson and Abraham (2002) indicate the ore concentrate particles have a geometric mean size of 1.6
u.m, and that most of the lead occurs as galena (PbS). Using these data, and various assumptions as
judged necessary (e.g., EH in the +200 to 450 mV range), MSE prepared the fol lowing pre l iminary
conceptual model of Pb weathering in the Hercu laneum lest plot soils.

The chemical reactions included in the model are as follows:

Pb+2 si-r- PbS(s) + H"
- SH- + 4HOH ^SO4~2 + 9H+ + Se~;
- Pb"2 + SCV2 ^ PbS04(s);
- HCO3- + Pb+2 ^ PbCO3(s) + l-I f ;
- PbS(s) + H:C03 + 0: -» PbCO3(s) + SO.f:

" + 3H2po.r + cr - pb,(P04)3ci(s)
+ 2H*;and
6H+

Solid species of varying crys ta l l in i ty are designated by "(s):?, and all others occur as aqueous (dissolved)
species. The first 2 equations do not address the mechanisms or varying rates of production and release
of aqueous lead and sultbxyanions; such details can be found in the papers by Chernyshova (2003), da
Silva (2004), Fornasiero et al. (1994), p lus Nowak and Laajalehto (2000). Essent ia l ly , it is suggested tha t
oxidative dissolution of the small ore concentrate particles occurs very rapidly upon contact with soil
(pore) water, da Silva (2004) observed that bacterial oxida t ion of galena particles < 45 (.tin in diameter
resulted in complete conversion to lead su l fa te in abotil 24 days at 35 °C. Assuming a 10-fold increase in
reaction rate for the Herculaneum particles and 100-fold decrease for cooler soil temperatures (i.e., 15
°C), the concentrate particles may be completely reacted w i t h i n 240 days of incorporation in to residential
topsoil.

Given the relatively low organic matter level (i.e., about half that commonly seen in h u m i d temperate
soils; Brady, 1984), MSE assumes that only a small amount of the total Pb+: is complexed to such organic
ligands as humic acids. However, migrat ion of aqueous Pb*2 into lower reaches of the soil profile may be
slowed by ad(b)sorption to hydrous iron and manganese oxides (Morin et al., 1999). It is further
suggested that persistence o f so l id Pb compounds is determined largely by the i r respective solubi l i ty
product (Ksp) values; as the log Ksp values become more negative, the compounds become less soluble in
water (at circumneutral pH and 25 °C). Thus, the solubility of anglesite (PbSO4, -7.7) is > cerussite
(PbCO3, -12.8), which is » chloropyromorphite [Pb5(PO^)3Cl. -84.4] (Nriagu, 1994). The latter
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compound is probably Ihe most env i ronmen ta l ly stable and predominant form of solid Pb species in the
Herculaneum test plot soils (Nriagu, 1974). This hypothesis is supported by the observations of Johnson
and Abraham (2002) that lead phosphate particle types are predominant in residential soils, as well as by
i n i t i a l geochemical modeling performed by MSE.

The concentrat ion data presented in Table 5-1 were input to the STABCAL model (Huang, 2002). Model
output, shown in Figures 5-1 and 5-2, are very similar to those presented in Nriagu (1974; Figure 4-3) for
roadside soils. Furthermore, lead carbonate and sulfa te appear (in aqueous or solid forms) only in the
complete absence of phosphorus; such cases are i l lus t ra ted in Figures 5-3 through 5-5. These graphs are
very similar to P-free stability diagrams found in the papers by Carrels (1954) and Sato (1992). In such
instances a 1:1 molar ratio exists between anglesite and cerussite at pH 6 and 300 ± 100 mV (EH).

Table 5-1. Summary of inputs to the STABCAL modeling exercise.
Concentration (HU/L) in Soil Pore Water "

Constituent

cr1

H:CO,°

l-ICOj-'

H2PO4"'

IV2

SO,'2

Lower Bound

2,000

6,500

2.800

5

100

] 0.00

Upper Bound

10,000

7.100

3.100

50

1.000

25.000

Note: a PCOI is about 10-lold that of atmospheric levels, but represents concentrations expected in soil gas (Lindsay. 1979:
Chapter 6). All other concentrations are based on best judgment by MSE.

n
H
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-1

-2
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Pb

,2-

-- Conditions -
S 8.333p{>m
C 1.9S4ppm
Cl lOppn
P O.Oltppm
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Figure 5-1. STABCAL model results for upper bound concentration limits.
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Figure 5-2. STABCAL model results for lower bound concentration limits.
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Figure 5-3. STABCAL model results for No-P, low-Ph case.

n
+>
H
O

ih

-- Conditions -
S 8 .33 3ppm
C 1.984ppm
Cl lOppn
Pb Ippm

-2

PH

Figure 5-4. STABCAL model results for No-P, moderute-Pb case.
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Figure 5-5. STABCAL model results for No-P, higli-Pb case.

However, these STABCAL results must be interpreted carefully because:

- they do not address reaction-specific kinet ics — concentration-diffusion condi t ions may result in
one reaction proceeding faster than the others (Langmuir, 1997); and

- they do not address the reversibi l i ty in the weathering of the solid Pb species (Sato, 1992).

These constraints are certainly relevant to using the model results for the in terpre ta t ion of the Pb
bioaccessibility (in vitro) and Pb-RBA (in vivo, swine) studies results. An example of this problem is
discussed below.

The potential change in lead relative b ioavai labi l i ty (RBA) in concentrate-contaminated residential soils
can be approximated by noting Iliat Pb mass is independent of its RBA value. For example:

- addi t ion of 500 mg of Pb having an RBA of 0.50 (RBA0.5) to 1 kg of Pb-free soil results in 500
mg/kgof RBAo.s soil; while

- addition of another 500 mg of RBA0 5 Pb to the above soil w i l l double the Pb concentration
(mass), but the RBAos remains the same unless the physicochemical state of the soil is changed.

Thus, there w i l l be no change in RBA over t ime, even after adding the "new" source of Pb. if both
materials have the same RBA value. Furthermore, i n i t i a l bioavailabil i ty of Pb (RBA0) can be
approximated in Herciilaneum soils as follows: RBA0 = RB/\i - RBAPbs, where RBAi is the swine study
result for the May 2005 soil and RBApts = the est imated value for galena presented in Figure 2-7 of the



EPA (2004) report. Thus, RBA0 5 0.82 - 0.05 = 0.77. which exceeds the estimated RBA for "undusted"
res ident ia l soils ( i .e . . 0.45) from inspection of the US EPA (2004a) report.

Given MSE's model ing results (Figures 5-1 and 5-2) that show predominance of "lead phosphate"'. RBA0

would be at least 0.45. Johnson and Abraham report (2002, Table IV) that many other forms of Pb
probably exist in residential soils, as well as the presence of "lead oxide'1 in the ore concentrate sample.
These observations suggest that other, more biologically available, forms of Pb are present in both the
concentrate and in concentrate-contaminated soils. In both cases, formation of a cerussite coating on the
pyromorphite particles could occur. Al though the phosphate salt has a very low solubi l i ty , the surface :
mass ratio is very high for the original galena panicles. Meteoric water would supply a continuous, and
potentially increasing, source of carbonic acid as it percolates through the soil profile. Lead oxide is more
soluble (Ksp of— 14.7) than pyromorphite compounds, and could form oxycarbonate [e.g.,
Pb.^COsXOH)?] precipitates having s imi l a r so lub i l i t i e s to that of cerussite (Lindsay, 1979). The relative
amounts of these various forms of Pb could be approximated by selective extraction methods (e.g., Chen
et al., 2000; Basta and Gradwohl. 2000); such results would provide another "check'' on the conceptual
model's credibi l i ty .

The Phase 1 (May 2005 soil) in vitro and in vivo results of 0.69 and 0.82, respectively, probably reflect
the effects of these more bioavailable Pb species on RBA of bu lk soils. However, as such species (e.g..
cerussite) would occur in "pre-dusted" and "dusted" residential soils, the change in RBA might be
relat ively small . For example, the percent change in RBA may be equal to ((0.82-0.77)/0.82) * 100 or 6%
above background conditions. Given the i n t r i n s i c uncertainties in the Phase 1 and Phase 2 in vivo results
(Casteel et al., 2006a and 2006b; pp 14-15), it may be diff icul t to discern such a change with any degree
of statistical confidence. Clearly, addi t ion of more PbS-bearing fugi t ive paniculate matter to resident ial
soils is a matter of publ ic heal th concern; however, the issue is more one of increased contaminat ion
levels than of increased RBA. Fina l ly , the "pre-dusf Pb species mix may s t i l l be responding to ore
concentrate addition, and further data are needed to evaluate the credibi l i ty of the MSE model. From the
Phase 2 results one could surmise that "equilibrium" has occurred and the RBA results for the Phase 2
(May 2006 soil) are about the same - wi th in experimental error - as those observed in Phase 1. Even
more t ime-interval data is required to refine or replace the present model because "hard" conclusions
cannot be drawn on only 2 sample sets.

6. CONCLUSIONS AND RECOMMENDATIONS

When reliable site-specific data are lacking, the USEPA typ ica l ly employs a default RBA value of 60%
for lead in soil compared to soluble lead in water, for both chi ldren and adults. The RBA point estimate
of 82% for the test soils weathered for 12-months and 24-inonths used in this study is higher than the
default value of 60%, indicating that absorption of and hazards from lead in this soil may be higher than
usually assumed. It is appropriate to take this into account when evaluating potential risks to humans from
incidental digestion of this soil.

MSE agrees with the conclusion in Casteel et al. (2006a, p. 15 and 2006b, p. 15) that the soil/ore
concentrate mixture exhibits an RBA that exceeds the IEUBK. model defaul t value of 60%. We also
suggest that the Pb-RBA's point estimate for both the 12-month and 24-month soils of 82% is
conservative. In terpola t ion of Dr. Drexler's average in vitro bioaccessibility result for the 12-month
sample (0.69+ 0.015) into Figure 3-6 of the December 2004 USEPA report yields a "best estimate" of
65% for predicted Pb-RBA and a 95% UCL of 88%. However, the respective results for bulk lead (2.021
mg/kg) are 82% and 105%; these values are in very good agreement with those from the swine (in vivo)
study. Interpolation of Dr. Drexler's bioaccessibility result for the soil that had weathered for 24-months
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(O.S9±O.OI5) in Figure 3-6 of the same USEPA (2004a) report yields a "best estimate" of 86% for
predicted Pb-RBA and a c>5% UCL of 110%. These values are also in good agreement w i t h the 24-month
in vivo study results.

Tetra Tech's QAPP refers 1o a Pb speciation study by Johnson and Abraham (2002) that observed
transformation of lead sulfide to lead sulfate and lead carbonate in soils. Given this observation and
group-specific RBA values in the December 2004 USEPA report (Figure 2-7), an RBA in the 75% to
85% range appears reasonable for the 12-month soil sample and an RBA of 80% to 90% range for the 24-
month study. These Pb-RBA ranges reflect the hypothesized predominance of lead carbonate (cerussite),
which would result in Pb bioavai labi l i ty levels exceeding the lEUBK' s default value of 0.60. F i n a l l y , the
consistent in vivo point estimate of 0.82 appears to reflect the central tendency of Pb bioavailabil i ty
throughout the two-year study period.
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TABLE A-1 SCHEDULE

Sludy
Day

5

--)

-3

• 2

• 1

0

1

2

3

A

5

6

7

3

9

iO

11

12

13

K

15

Day

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

Tuesday

Dal-3

6/S/05

6/9/05

6/10/C5

en 1/G5
6/12/05

6/1 3/05

e/K/05

G/1 C./C6

6/16/05

6/1 7/05

6/18/05

6/13/05

G/20/05

6/21/05

6/22/05

6/23/05

6/24/05

6/25/05

6/26/05

6/27/05

6/23/05

Bleed

X

X

X

X

X

X

X

X

X

Doso
AdiTinisuaiiori

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Feed
Social Diet

uansttian

iransision

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Weigli

X

X

X

X

X

X

X

Dcss Pr*p

X

X

X

X

X

Ci.ll Fiqs/ AKiQn
Do'oO Group

X

Sacrifice/
Nccrupsy

X
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TABLE A-2 GROUP ASSIGNMENTS

Pig
Number

804

820

845
802
803

816
826
838
819
832
834
839
846

801
806
823
835
850'
809
812
817
824
825
813
830
831
833
844
807
808
810

828
840

Dose
Group

1

2

3

4

5

6

7

Material
Administered

Control

Lead Acetate

Lead Acetate

Lead Acetate

Test Material

Test Material

Test Material

Target Dose of
Lead

(l'9-'kf!-day)

3

25

75

225

75

225

675

*Pig 850 died during the study and was excluded from all analyses.
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TABLE A-4 ANIMAL HEALTH

Naxcel Treatment for Illness

First Day of
Treatment

Day -4 (6/09/05)

Day 1 (6/14/05)

Day 2(6/15/05)

Day 4 (6/1 7/05)

Day 6 (6/19/05)

Day 8 (6/21/05)

Day 10 (6/23/05)

Day 1 3 (6/26/05)

Treatment Notes*

Treatment duration = 7 days

Treatment began et 7 PM

Treatment began in PM

Treatment began at 12 PM

1 .3 ml_ Naxcel administered

1 .5 mL Naxcel administered

1 .5 mL Naxcel administered

Pig

801

844

809

820

812

817

826

835

806

808

807

840

Group

4

6

5

1

5

5

2

4

4

7

7

7

Indications

Elevated temperature, coughing, anorectic

Elevated temperature, anorectic at PM feeding

Elevated temperature, diarrhea

Elevated temperature, diarrhea

Vomiting in morning

Elevated temperature, didn't eat all of AM feed

Elevated temperature, diarrhea in AM

Elevated temperature

Elevated temperature, diarrhea

'Treatment consisted of 1cc/1 Okg body weight of Naxcel for a duration of 3 days, unless otherwise noted.

Animal Deaths

Pig 850 (Group 4) was found dead in on Day 11 (6/24/05); he had shown no signs of Inappetance or diarrhea. Bacteriology of
necropsy samples Indicated Salmonella.
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TABLE A-5

LEAD ANALYTICAL RESULTS FOR STUDY SAMPLES

Sample Number

MSE2-804-(0)-B
MSE2-820-(0)-B
MSE2-845-(0)-e
MSE2-802-(0)-B
MSE2-803-{0)-B
MSE2-816-(0)-B
MSE2-826-(0)-B
MSE2-838-(0)-B
MSE2-832-{0)-B
MSE 2-834 (0)8
MSE2-839-(0)-B
MSE2-846-(0)-e
MSE2-819-(0)-B
MSE2-80HO)̂ 8
MSE2-806-(0)-B
MSE2-823-{0)-B
MSE2-835-(0) B
MSE2-850-(0)-B
MSE2-809-{0)-B
MSE2-¥l2-(0) B
MSE2-817-(0)-B
MSE2-824-(0)-B
MS£2-825^0)-B
MSE2-813-{0}-B
MSE2-830-(OJ-B
MSE2831-(0)B
MSE2-833^0)-B
USC2-844-(0)-B
MSE2-807 (0)-B
MSE2-808-(0) B
MSE2-810^0)-B
MSC2 828-{0}-B
MSe2-fl40-{0)-B
MSE2-«04-{1)-B
MSE2-820-{1)e
MSE2-845-(1}-B
MSC2-B02-(1>B
MSE2-8C3-{1}-B
MSE2-816-(1>8
MS£2-826 {̂1}-B
MSG2-838-(1)ij
MSE2 819-{1)-B
MSE2-832-{1)-B
MSC2-834-{1)-B
MSE2 839-0) B
MSE2-846-(1)-B
MSE2-801-{1)-B
MSE2-806-(1)-B
Ut3E2-Sa-(1)~-B
MSE2-fi3fH1)"-B"
MSE2830-(1>B
MSE2-809-(1H3
MSE2-812'-{1}43
MS£2-817-(1)«
MSE2-824X1J-B
USE2-825^1>8
MSE2-813-(1}-B
MSE2^83<M1^B
MSE2-«31-{1)e
MSE2-833-OHJ
USE2-8<M-{1H3
USE2-807-(1)-B
MSE2-808-(1>6
MSE2-810-0)"*
MSE2-828-(1)-B
MSE2-840-(1H3
MSE28O4-{2>B
USE2-82Q-{2HJ"
MSE2-845-{2)-B
MSE2-802{2)-B
WSE2^03^2)"-B
USE2-816^2>8
MSE2-826-C2>B
MSE2-838-C2}-8
USE2-819-(2^B
US£2-832-(2>B

Tag Number

MSE2-129
MSE2-122
MSE2-106
MSE2-120
MSE2-133
MSE2-126
MSE2-113
MSE2-118
MSE2-125
MSE2-104
MSE2 135
MSE2-109
MSE2-115
MSE2-132
MSE2 130
MSE2123
MSE2-102
MSE2-103
MSE2-114
MSE2-108
MSE2-136
MSE2-111
MSE2-105
MSE2-112
MSE2-117
MSE2 131
MSE2-110
MSE2-119
MSE2121
MSE2-127
MSE2 101
MSE2-107" "
MSE2-124
MSE2-149
USE 2-144
MSE2-140
MSE2-152 "
MSE2-146
MSE2-175
MSE2-142
MSE2-158
MSE2 160
MSE2-157
MSE2-150
MSE2145
MSE2-146"
MSE2-165
MSE2-164
MSE2-163
MSE2-166
MSE2153
MSE2-156"
MbE2-174"
MSE2-176
MSE2-169
MSE2-151
MSE2-138
MSE2-168
MSE2-143
MSE2-154
MSE2-171
MSE2-173
MSE2-167
MSE2 170
M^2-155
MSE2-1R1
MSE2-194
MSE2-180
MSE2-179
MSE2-203
MSE2-183 '
MSC2-204
MSE2-188
MSE2211' '
MSE2-205
MSE2-177

Matrix Grc

bkxx) 1
UooJ 1
blood 1
bkxxi 2
t4ood 2
blood 2
blood 2
blood 2
Wood 3
blood 3
blood 3
blood 3
Wood 3
Wood 4
blood 4
blood 4
blood 4
Mood 4
blood 5
blood 5
Hood 5
Wood 5
Hood 5
blood 6
blood 6
Wood 6
blood 6
blood B
blood 7
blood '7
blood 7
Wood " 7
Wood 7
blood 1
Wood 1
blood 1
blood 2
blood 2
Wood 2
blood 2
blood 2
Uood 3
blood 3
blood 3
blood 3
Wood 3
blood ' 4
blood 4
Uood 4
Mood 4
Wood 4
Wood 5
Wood" 5"
Wood 5
Wood" 5"
Wood" 5~
Wood 6
blood" 6
Uood" 6
Wood 6
blood 6
blood 7
bkxxi 7
Wood 7
Wood 7
Wood 7
Wood 1
Wood "l
Uood 1
Uood 2
blood 2
blood 2
blood 2
blood "2
Woo) 3
blood 3

Material
** Administered

Coiiliol
Oonliot

Conlid
Lead Acelale
Lead Acetate
Lead Acetate
Lead Acelale
Lead Acetate
Lead Acelale
Lead Acelale
Lead Acelale
lead Acelale
Lead Acelale
Lead Acdate
Lead Acelale
Lead Acelale
Lead Acelale
Lead Acetate
Soil
Sod
Sal
Sol
Soil
Sal
Sal
Soil
Sal
Sal
Soil
Soil
Sal
'Soil'
Soil
Conliol
Control
Cailiol
Lead Acetale
Luad Aceulc
Lead Autlale
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acelale
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acelale
Lead Acelale
Soil
Sol
Soil
Sol

' "Sal
Sal
Soil
Soil
Sal
Suit
Sal
Soil
Sal
Sal
Soil
Catfid
Conliol
Ccnlrd
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acelale
Lead Acetate
Lead Acetate
Lead Acetate

Target Dosel Rg Coile
(ug/kg-d) | Number 1}

0 &04 0
0 R20 0
0 845 0
25 802 0
25 803 0
25 816 0
25 826 0
25 838 0
75 832 0
75 834 0
75 839 0
75 846 0
75 819 0
225 801 0
225 80G 0
225 823 0
225 835 0
225 850 0
75 80U 0
75 81 2 0
75 817 0
75 824 0
75 825 0
225 813 0
225 830 0
225 831 0
225 833 0
225 844 0
675 807 0
675 608 0
675 810 0
675 828 0
675 840 0
0 804 1
0 820 1
0 845 1
25 802 1
25 803 1
25 816 1
25 82G 1
25 838 1
75 819 1
75 832 1
75 KM 1
75 839 1
75 846 1
2i5 801 1
225 80G 1
220 82S 1
225 835 1
225 850 1
75 809 1
75 812 1
75 617 1
75 824 1
75 825 1
225 613 1
225 830 1
225 831 1
225 833 1
225 844 1
675 807 1
G75 808 1
675 810 1
675 828 1
675 840 1
0 804 2
0 820 2
0 845 2
25 802 2
25 803 2
25 816 '2
25 626 2
25 838 2
75 819 2
75 832 2

ction Actual Dose
Dy (ug/d)

0
0
0
300.5
3005
300.5
300.5
3*0.5
01 ft 75
915.75
915.75
915.75
915.75
2574
2574
2574
2574
083
083
2574
083
0.83
083
2.84
2.64
2.64
2.64
264
819
819
8.19
819
8 10
0
0
0
300.5
300.5
300.5
300.5
3005
91 5 75
91575
91575
91 5.75
91575
2574
2574
2574
2574
083
083
2574
083
083
0.83
2.64
2.64
2.64
Z64
2.64
819
8.19
8.19
819
R19
0
0
6
3005
300.5
3005
300.5
300.5
91575
91575

Actual BWAdj
Dose {ug/d)

0
0
0
2M5
26.09
288
2363
2782
7728
86.26
7277
9037
71.26
243.98
22318
22318
260.88
0.00
0.08
25956
008
0.08
008
026
027
0.22
022
024
0.77
0.76
075
0.64
066
0
0
0
26.63
25.79
2791
23.51
27.19
6938

Q PbConc DL AdjConc Unils

1 1 05 uy/dL
1 1 05 iKi/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 05 ugAIL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 0.5 uij/dl
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 0.5 ugAIL
1 t 0.5 ug/dL
1 1 05 uy«L
1 1 05 ug/dL
1 1 0.5 ug/dl
1 1 05 uy/dL
1 1 05 ugAIL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL

1 05 ug/dL
1 0 5 ugAIL
1 0.5 uy/dl
1 0 5 ug/dL
1 0 5 ug/dL
1 0.5 ug/dL
1 0.5 ugAJL
1 0 5 ug/dL
1 0 5 nq/dL

1 1 0.5 ugML
1 t 05 ug/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
t 1 OS ug/dL
1 1 0.5 ug/dL
1 1 05 ug/dL

74.45 1 1 1 ug/dL
6338 < 1 1 05 ug/dL
70.62 1 1 1 ug/dL
8666 < 1 1 0.5 ug/dL
234 3 1 3 ug/dL
21691 2 1 2 ug/dL
216 3. 1 3 ug/dL
25277 3 1 3 ug/dL
008 4 1 4 ug/dL
0.08 1 1 05 uy/dL
252.77 1 1 0.5 ug/dL
0.08 1 1 05 ug/dL
0.08 1 05 ug/dL
0.08 1 0.5 ug/dL
026 2 2 ug/dL
026 < 1 0.5 ug/dL
0.21 1 1
021 2 2

ug/dL
ug/dL

0.24 < 1 0.5 ug/dL
0.74 6 6
0 73 6 6
072 5 5
0.62 6 6
0 6 5 f t 1 8

iigML
ug/dL
ug/dL
ug/dL
iig/dt

0 1 1 0.5 ug/dL
0 1 1 0.5 ug/dL
0 1 1 0 5 ugAIL
26.13 1 1 05 ug/dL
2504 1 1 0.5 ug/dL
2707 1 1 0.5 UQ/dL
2339 1 1 0.5 ug/dL
2659 1 1 05 ug/dL
67.58 1 1 05 ug/dL
71.82 1 1 1 ugy'dL
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TABLE A-5

Sample Nimbct
1
MSE2-834-(2)e
MSE2-839-(2)-B
MSE2-846-(2)-B
MSE2-801-(2)-B
MSE2-806-(2)-B
MSE2 823-(2)-B
MSE2 835-(2)-B
MSE2-850-(2)-8
MSE2-809^2)-C
MSE2 81?-{2)-B
MSC2 81 7-<2)-B
MSE2-824-(2)-8
MSE2-82S-(2)-B
MSE2-813-(2)-B
MSE2-630-{2)-G
MSE2-831-(2)-B
MSE2-833-{2)-B
MSE2-844-{2)-B
MSE2-807-(2)-B
MSE2-808-(2)-B
MSC2-810-(2)-B
MSE2-828-(2>-B
MSE2 840-(2).B
MSE2-804-(3) B
MSE2^820-(3)-B
MSE2-845-(3)-B
MSE2-802(3)B
MSE2-803-(3)-B
MSE2816{3>.B
MSL:2-826-(3)-B
MSE2-838.(3)-B
MSE2-819-{3).B
MSII2-832-{3)-B
MS£2-834^)-O
MSE2^838-{3)-B
MSE2-846-{3)-B
MSE2-80H3H1
MSE2-806-<3)-e
MSE2-823-(3)-B "
MSE2^835-{3)-B"
MSE2-850 <3>-B
MSE2-809"-{3)i
MSC2-812-{3)-B
MSE 2-017 -{3)-B
MS£2-824^3)-B
MSE2-825X3)43
M8E2-«13-<3)-B
MSE2-830^3)-B
MSE2-831-CT-B
MSE2.833^3)-B
MSE2-844-(3)-B
MSE2.807.(3)B~
USE2.808H3)-B
MSE2-81lH3)-fl
MSE2-82fc(3)-B "
MSE2-840H3J-B
MSE2-«M-<5}«
MSC2-«20-<5>B"
MSE2-84S-(5>B
lilSE2-8b2^5>8' "
MSE2-803-(5VB

Tag Number

MSE2-210
MSE2-195
MSE 2-201
MSE2-181
MSE2-214
MSE2-182
MSE2 197
MSE 2-213
MSE2-184
MSE2-206
MSE2-199
MSE2-187
MSE2-185
MSE2-196
MSE2-200
MSE2.178
MSE2-186
MSE2202
MSE2-208
MSE2-209
MSE2-207
MSE2-192
MSE2-191
MSE2-241
MSE2-220
MSE2-222
MSE2-231
MSE2-224
MSE 2-236
MSE2-246
MSE2-240
MSE2-250
MSE2-"238"~
MSE 2-229
MSE2-219"
MSE2-221"
MSE2-237 '
MSE2-230
WSE2-227
MSE2-244
MSE2-251
USE2-226
MSE 2-220
MSE2-223
MSE2-243"
MSE 2-234 "
USE2-"216
USE2-218"
MSE2-247 '
USE2-245
MSE2.23S
MSE2-242
USE2-232
MSE 2-248"
MSE2-233
MSE2-229
MSE2-267
MSE2-288~
MSE2-263
MSE2-278
MSE2-284

MSE2-81£K5)-B~ MSE2-281
MSE2^82t<5)̂ B
MSE2-83ft-(5)-B~~
MSE2-810-(S)-B
MSE2-S32H5J-B
MSt2-834-(5)-8
MSE2^3<H5)-e
MSE2^846^S>fl"
MSE2-8O1-(5J-8
MSE2-S06-{S>B
MSE2-823-(5>a
MSE2835K5>e
MSE2-850-(5>B
MSE2-80S-(5)-B
MSE2-812^5)-B"
MSE2-817-{5>B
USE2-«24-{5>B "
MSE2-«2S^5)-B"

USE2266
MSE2-285" "
MSE2-287
MSE2-275
MSH2-2B8
MSE2-271
MSE2-286
MSE2-264
MSE2-278 "
MSE2-270
N1SE2-273
USE 2-253
MSE 2-269
MSE 2-274 "
USE2256
MSE2-2S9"
USE2^283"

Matrix

blood
bkXMj
Hood
ttood
hkxxl
bkxxl
biood
Uood
Ulood
Mood
bkxxl
Uood
biood
biood
blood
blood
bkxxl
htood
blood
Lkxxi
blood
biood
I*.KH)
blood
bkxxl
blood
Wood
Wood
bkxxl
blood
blood
bkxxl
Ltood
blood

Group

3
3
3
4
4
4
4
4
5
ft
5
b
h
6
6
6
6
6
7
7
7
/
7
1

1
1
2
2
2
2
2
3
3
3

blood' .3
bkxxl
Lkxxl
biood
blood'
blood
bkxxl
blood
blood
blood
Uood
blood
bkxxl
Uood
Ulood
bkxxl
blood
bkxxl
blood
Uood
Uood
blood
bkxxl
bkxxl'
blood
blood
blood
bkxxl'
bkxxJ
blood
blood
blood
Hood
bkxxl
blood"
bkxxl
bkxxl
Wood"
blood
bkxxl
blood
bkxxl
Uood
blood'
btood'

3
4
4
4
4
4
5
b
5
5
b
6
e
6
6
6
7
7
7
7
7
1

1
1

2
2
2
2 - • •

2
3
3
3
3
3 '
4
4
4
4 '
4
5
5
5
5

5

Material
Adrrinisteied

Lead Acelale
Load Acetalu
Lead Acetate
Lead AciAalc
Lead AceJale
Lead Aerate
Lead Ac^ale
Lead Acelate
S(»l

Soil
Sal
Soil
Soil
Sal
Sal
Soil
Soil
Sal
Soil
Sal
Sal
Sal
Soil
Corarol
Conliol
Caitiol
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Sol
Soil
Sol
Soil'
Soil
Sod
Sol
Soil
Sol
Sol
Soil
Soil
Sol '
Sol
Sal
Ccrtiol
Cctttiol
Control
Lead Acetate
Lead Acetate
Lead Acetate •
Lead Acetate"
Lead Acelalc
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
.ead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Sol
Sal
Sal
Sal '
Sal

Targel Dosel Pig I Collection
(ug/kg-d) |Nuniber| Day

7!, KM 2
75 839 2
75 MG 2
225 801 2
22 f> ROfi 2
2» 823 2
225 835 2
225 te>0 2
!'j 809 2
75 812 2
75 81 7 2
?5 824 2
75 825 2
225 813 2
225 830 2
225 831 2
225 833 2
225 844 2
075 807 2
675 808 2
675 810 2
675 828 2
675 840 2
0 804 3
0 820 3
0 845 3
25 802 3
2b 803 3
25 816 3
25 826 3
25 838 3
75 819 3
75 832 3
75 834 3
75 830 3
75 846 3
225 801" 3
225 806 3
225 823 3
225 835 3
225 toO 3
75 809 3
75 812 3
75 81 7 3
70 824 3
75 825 3
225 813 3
225 830 3
22b 831 3
225 833 3
225 &44 3
675 807 3
675 808 3
675 810 3
675 828 3
675- 840 3
0 804 5
0 820 5
0 845 5
25 802 5
25 803 5
•& 816 5
25 826 5
25 838 5
75 R19 5
75 .832 5
75 834 5
75 839 5
75 846 5
225 801 5
225 806 5
225 823 5
225 835 5
225 850 5
75 809" 5
75 812 5
75 81 7 5
75 824 5
75 825 5

Actual Dose
(ug/d)

91575
915.75
91 5 75
2574
2574
20/4
2574
on.i
O.H3

2574
0.83

0«3
0.83
2.64

2.64

2.W
264
264
a.19

8.19

819
8.19

8.19

0
0
0
31875
31875
318.75
31875
31875
1005

1005

1005

1005

1005

281925
2819.25
281925
281925
0.88

0.88

2819.25
0.8U

088
088
2.8
28
28
28
2.8
894
8.94
8.94
894
8.94

0
0
0
31875 '
31875
318.75
31875
318.75
1005

1005

1005"
1005

1005"
2819.25
2819.25
2819.25
2819.25
088
0^88
281925
0.88

088
088

Aclud BWAd „ „ _
__ , , ,, I Q I Pb Cone
Dose{ug/d) I |

BO fl« 1
6P.6 1
8325 1
224 8 3
210.98 3
209.27 4
245.14 3
007 4
0.08 1
246 32 1
0.08 1
0.08 1
0.08 1
0.25 2
0.26 2
0.21 2
021 3
0.24 < 1
O.H 6
0.7 7
0.69 7
061 7
0.64 8
0 1
0 1
0 1
2G.67 1
2584 1
2776 1
23.88 1
27.44 1
7128 1
77.21 1
862? 2
7165 2
8842 2
239.26 2
223.45 2
221 99 3
262.66 3
0.08 3
008 1
265.55 < 1
0.08 < 1
008 < 1
00ft < 1
0.26 2
026 1
021 1
022 < 1
024 < 1
075 5
0.75 4
0.73 b
0.64 4
0.67 3
0 1
0 1
0 1
2481 1
2452 1
2G.02 1
22.21 1
26.02 1
66.12 1
74.17 1
82.04 1
67.91 1
83.06 1
226^45 4
209.61 3
208.83 3
251.72 3
0.07 7
0.07 < 1
257 .47 1
0.08 < 1
0.07 < 1
0.07 < 1

DL AdjConc

1 1
1 1
1 1
1 3
1 .1
1 4
1 3
1 4
1 0.5
1 05
1 0.5
1 05
1 05
1 2
1 2
1 2
1 3
1 0,S
1 6
1 7
1 7
1 7
1 8
1 05
1 0.5
1 0.5
1 0.5
1 05
1 0.5
1 05
1 0.6
1 05
1 0.5
1 2
1 2
1 2
1 2
1 2
1 3
1 3
1 3
1 1
1 0.5
1 0.5
1 05
1 05
1 2
1 1
1 1
1 0.5
1 0.5
1 5
1 4
1 5
1 4
1 3
1 05
1 0.5
1 0.5
1 OS
1 OS
1 05
1 05
1 05
1 OS
1 05
1 1
1 1
1 1
1 4
1 3
1 3
1 3
1 7
1 05
1 1
1 0.5
1 05
1 0.5

Units

ug/ill.
my'iiL
ug/dl.
uyldl
ug/dL
ugiML
ug/dL
ugAll
uy/dL
ug/dL
uy/dL
u«.ydL
ufp'dL
uyAJL
ug/dL
U9/dL
ug/dl
ugML
ug/JL
ug/JL
ugldl
ugML
ugWL
ntyriL
ug/dL
uc>/dL
ug/dL
ug/dL
ug/dL
ug/dL
ug/dL
ug/dL
uyML
ugfdL
ugfdL
ug/dL
ug/dL
ug/dL
ug/dL
ug«L
ugML
ug/dL
uoVdL
ugfdL
ug/dl
ugML
uyML
ugML
uy/dl
ug/dL
ug/dL
ugidL
ug/dL
ojjldL
ug/dL
ugML
ug/ilL
ugML
ug/dL
ug/dL
ug/dL
ug/dL
ug/dL
ug/JL
ugi'dL
ug/dL
ug/dL
ug/dL
ug/JL
ug/dL
ug/dL
ug/dL
ug/dL
ug/dL
ugfdL
ug/dL
ug/dL
ugidL
ugi'dL
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TABLE A-5

Sample Numbei

MSE2-813-(5)-B
MSE2-830-(5)4i
MSE2831.(5).B
MSE2-833 -{AM)
MSE 2-844 -(5J-I3
MSE2-807-(S)-8
MSC2-808-(5)-l3
MSE2-810-{5)-O
MSE2-828-(5}-l3
MSE2-840-<5)-B
MSE2 804.(7).B
MSE2 820-<7)-B
MSE2 845.(7)-B
MSE2-802-(7)-B
MSE2-803-(7)e
MSE2-816-{7).B
MSE2 826-(7)-B
MSE2-838-<7)-8
MSE2-819-(7)-B
MSE2-832-(7)-e
MSE2-834^<7)-B
MSE2-839-<7)-B
MSE2-846-(7)-B
MSE2-801 -(7)-B
MSE2 806-(7)-B
MSE2-823-<7)-B
MSE2-835-{7)-B
MSE2-850-(7)-B
MSE2-809-(7)-B
MSE2-812-(7)-B
MSE 2-81 7 -(7) B
MSE2-824-(7)-B
MSE2.825^7)-B
MSE2-613-(7>-B
MSE2-830-{7)-B
MSE2831-{7)B
MSE2-S33-(7)-B
MSC2-844-(7)-e
MSG2-807-(7)-B
MSC2-808-(7)-B
MSE2-810-C7}-S
MSE2^28-(7>B
MSE2-840-{7) B
MSE2-804-(9) B
MSG2-820-{9)-B
MSE2-845"(a)B "
MSE2-802^9)-B
MSE2-e63^<9)̂ B
MSE2-«16-(9>B
MSE2-826-<9)-B
MSE2-838-<0)̂ 8
MSE2-819-{9)"B"
MSE2-«32-<0)-B
MSE2-834-(9)-B
MSE2-839~-(9H}
MSE2-846"-{9)-B
MSE2-801-(9}-B
MSE2-806~-<9>B
MSE2-823-{9>-B
MSE2-83S{9>-8
MSE2-860-(9}-B
MSE2-809-(0)e
MSE2-ai2^9)-B
MSE2-817-<9}-B
MSE2-824-{9}-B
MSE2-825-(9)-B
MSE2-813-<9)-B
MSE2 830-(9)-B
MSE2-S3H9)-B
MSE2^S33-(9)-B"
MSE2-844-(9)-B
MSE2-807-(9)-B
MSE2-808-<9)̂ B
MSE2-610-(9}-e
MSE2-828-(9)-B" "
MSE2-840-(9}-B"
MSE2-804-(12)-B
MSE2820-(12)-8
MSE2*»o-{12)-B

Tag Number Matrix

MSE2-256 Wood
MSE2-260 bkxxl
MSE2-260 Wood
MSE 2- 200 Wood
MSE2-268 blood
MSE2-272 btood
MSE2-2G2 blood
MSC2-254 Wood
MSE2-258 Wood
MSE2282 Wood
MSE2-294 Wood
MSE 2 320 blood
MSE 2- 304 blood
MSE2311 blood
MSE2-308 blood
MSE2-306 btood
MSE2-301 Hood
MSE2-293 blood
MSE2-31 7 btood
MSE2-303 btood
MSE 2-324 btood
MSE2-292 btood
MSE2-296 btood
MSE 2-327 btood
MSE 2-310 btood
MSE2-322 btood
MSE2-309 blood
MSE 2-300 btood
MSE 2-208 btood
MSE 2-321 blood
MSE2-297 biood
MSE2-328 btood
MSE 2-31 6 Wood'
MSE2-319 btood
MSE2-318 btooJ
MSE2315 blood
MSE2-323' blood"
MSE2-312 btood
MSE2-291 btood
MSE2-302 btood"
MSE2-325 btood
MSE2-313"" blood"
MSE 2-305 biood
MSE2-349 btood
MSE 2-343 btood"
MSE2332 btood
MSE 2-333" btood
MSE 2-362 Mood"
MSE 2-361 blood '
MSE2-356 btood
MSE2-355" btood"
MSE2-335" Wood
MSE 2-366 Wood
MSE 2-344" btood
MSE2-336 ~ btood "
MSE2-360 btood
MSE2"339 Uood
MSC2337 btood
MSE2-350 btood
MSE2-320 bbod
MSE 2-330 Wood
MSE2353 btood
MSE2340 btood
MSE2-348 " btood
MSE2-347 btood
MSE2-365 btood
MSE2-3S2 blood
MSE2-345 btood
MSE2-351 btood "
MSE2-338 btood
MSE2-357 btood
MSE2-364 blood
MSE2-334 " btood
MSC2-358 blood
MSE2-359" "blood
MSE2-354 "btood
MSE2-376 Wood
MSE 2-396 btood"
v1St2,-~390 bfa'od

Group

6
6
6
6
6
7

7
7
7

7
1
1
1
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
5
5
5
b
5
6
6
6
6
6
7
7
7
7
7
1
1
1
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
5

5

5
5
5

6
6
6
e
e
7

7
7
7 " "
7
1
1
1

Material
Admin islered

Sod
Soil
Soil
Soil
Soil
Soil
Soil
Sod
Soil
Sal
Control
Contid
CoiiUd
Leatl Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acelalc
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Soil
Sol
Soil
Soil
Soil
Soil
Sol
Sod
Soil"
Soil
Soil
SoS
Soil
Soi"
Soil
Conliol
Control
Conliol
Lead Acetate
lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Leil Acetate
Lead Acetate
lead Acetate
Lead Acetate
Lead Acetate
Soil
Soil
Soil
Sod
Sol
Sod
Soil
Soil
Soil
Sod
Sod
Soil
Soil
Soil
Scfl
ConUd
Conliol
Contiol

Taiget Dose Rg
(ug/kg-d) Numbet

220 813
225 B30
225 R31
22 S ft33
225 844
675 IW7
675 808
675 810
675 828
675 840
0 804
0 820
0 845
25 802
25 803
25 816
25 826
25 838
75 819
75 632
75 834
75 839
75 Me
'££: 801
225 806
225 823
225 835
225 650
75 809
75 812
75 817
75 824
75 825
225 813
225 830
225 831
225 R33
225 844
675 807
675 808
675 810
675 828
675 MO
0 804
0 820
0 845
25 802
25 803
25 816
25 826
25 838
75 819
75 832
75 834
75 830
75 846
225 801
22S 806
225 823
225 835
225 850 <
75 809 1
75 812
75 81 7 <
75 824 !
75 825 S
225 813 <
225 830 1
225 831 f
225 833 !
225 644 <
675 807 !
675 808 £
675 810 S
675 828 !
675' 840 <
0 804
0 820
0 845 1

Collection Actual Dosel Actual BWAdj
Day • (ug/d) | Dose(ug/d)

5 28 024 1
5 2.8 024 3
5 2.8 0.2 3
5 28 02 3
5 2.8 0.22 2
c, 8.94 071 5
S 894 0.72 6
5 8.94 0 69 7
•> 8.94 0.6 7
5 B.94 061 6
7 0 0 1
7 0 0 1
7 0 0 1
7 348.5 2528 1
7 3485 2563 1
7 348.5 26.77 1
7 3485 22.56 1
7 3485 26.84 1
7 1093.5 69.0G 1
7 1003.5 75.67 1
1 10935 81.71 2
7 10935 6965 1
/ 10935 84.55 2
7 3CM6.5 225.90 3
/ 3046.5 213.79 3
7 304G.5 21354 5
7 304G.5 24503 3
7 0.97 0.08 7
7 097 007 1
7 30465 263.77 1
7 0.97 008 1
7 097 0.08 < 1
7 0.97 007 < 1
7 308 025 2
7 308 025 2
7 3.08 02 2
1 308 021 3
T 308 023 2
f 98 0.71 6
1 9.8 073 7
r 98 0.73 9
7 9.8 " 0.62 7
7 9.8 063 B
i 0 0 1
3 0 0 1
9 0 0 1
i 379.5 25.64 1
i 3795 2611 1
3 379.5 2727 1
3 3795 2309 1
)' 3796 2717 1
} 1182.5 7141 1
) 1192.5 77.18 1
) 1192.5 82.15 1
) 1192.5 71.12 1
) 1192.5 8559 1
) 335025 230:26 3
3 3350.25 21993 3
3 335025 220.9 3
3 335025 235.11 3
) 1.05 0.12 6
3 1 05 0 07 < 1
3 335025 27349 1
3 105 008 < 1
) 105 008 < 1
) 1.05 0.07 < 1
> 339 0.25 2
) 330 0.25 2
) 339 021 1
) 339 022 2
) 339 024 2
) 1067 073 4

1067 0.75 6
) 10.67 0.75 6
) 10.67 0.64 6
) 10.67 0.65 4
2 0 0 < 1
2 0 0 < 1
2 0 0 < 1

:onc DL AdjConc Units

1 1 uo/dL
1 3 uyML
1 3 ugML
1 3 ny/dl.

1 2 ug/dL
1 5 ug/dL
1 6 ug/dL
1 7 ug/dL
1 7 ug/UL
1 G ug/dl

0.5 uyML
0.5 ugA1L
0.5 uy/dL
0 5 uijWL
0.5 ug/dL
0.5 ug/dL
05 ug/dL
05 ug/dL
0 5 ug/dL
1 ug/dL

1 2 ugWL
1 1 ug/dL
1 2 ug/dL
1 3 ug/dL
1 3 ugML
1 5 ug/dL
1 3 ug/dL
1 7 ug/dL
1 1 ug/dL
1 1 uyi'dL
1 1 ug/dL
1 0.5 ug/dL
1 0.5 ugWL
1 2 uyAJL
1 2 uy/dL
1 2 ug/dL
1 3 ug/.IL
1 2 ugML
1 6 ugfJL
1 7 ug/dL
1 9 ug/dL
1 7 ugML
1 8 ug/dl
I 0.5 uy/dL
1 0 5 ugML
1 0.5 uy/JL
1 0 5 ugML
1 0.5 ug/dL
1 0 5 ug/dL
1 0.5 ug/dL
1 0.5 ug/dL
1 0.5 ug/dL
1 1 ugfdL
1 OS ug/dL
1 0.5 ug/dL

0.5 ug/dL
3 ug/dL
3 ug/dL
3 ug/dL
3 ug/dL
6 ug/dL
0 5 uy/dL
1 ug/dL
0.5 ug/dL

1 0.5 ug/dL
1 0 5 ugi'dt.
1 2 ug/dL
1 2 ug/dL
1 1 ug/dL
1 2 ug/dl
1 2 ugfdL
1 4 ug/dL
1 6 ug/dL
1 6 ug/dL
1 6 ug/dL
1 4 ugAJL
1 0.5 ugWL
1 0 5 ugML
1 0.5 ugldL
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TABLEA-5

Sample Number

MSE2-802-02)-B
MSE2-803-0 2)-B
MSE2-816-{12)-B
MSE2-826-02/-B
MSE2 838-0 2)-B
MSE2-810(12)-B
MSE2-832-(12)-B
MSE2-&34{12}-8
MSE2-839-02)-B
MSE2-846-{12)-B
MSE2-801-(12)-B
MSE2-80G-02)B
MSE2-823-{12>-B
MSE2 835-0 2)-B
MSE2-850-02)-B
MSE2-800-{12)-B
MSE2-812-02)-B
MSE2-817-02J-B
MSE2-824-02)-8"
MSE2-825-02H3
MSE2-813-(12)"-B
MSE2-830-02)-B
MSE2831-(12)-B
MSE2-833-02)-B
MSE2-84402>-B
MSE2-807-02)-B
MSE2 808-0 2)-B
MSE2-810-<12^B
MSE2-828-02)-B
MSE2-840/12)-B
MSE2-804-(15)-B
MSE2-820:05):B
MS£2-845-{1 5HJ
MSE2-802-{15)ij
MSE2-803H15)-B
MSE2-816-05J-8
MSE2-826-{15)-B
MSE2-838-05J-B
MSE2-810-{15)-B
MS£2-"832-(15)-B
MSE -̂eS ÎSJ-B
MSC2-83SH15);B
MSE2-846-{1 5>B
USE2:801flS)|fl_
MSE2-80&-(i 5)-B
MSE2-823-(15)-B
USE2-835-(15)«
MSE2-8SO-(15)̂ B
MSE2-809-(15)-B
MSE2-812"-{15)-B
MSE2-817-{15>-B
MSE2-824-{15)-B
MSE2-825-05HJ
MSE2-813-{15>8
MSE2-830-{15>B'
MSE2-831:0.5)-B
MSE2-833-{1 5|-6
USE2-844-{15)-B"
MSE2807{15>8
MSE2-808~(15)-B
MSE2-810-05)-B
MSE2-828-05>B
MSE2-840-05)-B
USe2-804-05>F
MSE2-820-05)-F
MSE2-845-(15)-F
USE2-W2-C\ii}f
MSE2-803-05)f
USE2-<n& f̂yf
US£2-826-{15)4:

MSE2 838^1 5>F
MSE2-819^15)-F

USE2-832X15)-F
MSE2-834;{15>F
USE2-83S^15)J:

USE2-846-05)-F~
USE2-801-OSJ-F
MSE2-806-05J-F
KS2-823-05J-F

T KI i. I .. • l,~ I Material ITargetDrael Rg Collection Actual Dosel Actual BWAdj
TaQNumbarlMalwJGroupl^^^^l ^^ |Numbef Day ((jgM) | „„„„„„,

MSE2-392 Wood 2 Lead Acelale 2b 802 12 420.75 2ft. S3
MSE2-390 Wood 2 Lead Acelale 20 803 12 1207ft 2439
MSE2-368 btood 2 LeadAcetale 25 816 12 420.7& 27.2
MSE2-388 blood 2 Lund Acntnte 25 826 12 42075 2366
MSE2-370 Wood 2 Lead Acetate 2ft 838 12 4207ft 2fi 74
MSE2-391 Wood 3 Lead AoHalo 75 810 12 1321.5 7228
MSE2-374 Wood 3 LeadAcetale 75 832 12 13215 77.21
MSE2-401 Wood 3 Lead Acetate 75 834 12 13215 8166
MSE2-382 Wood 3 Lead Acetate 75 839 12 13215 7118
MSE2-381 Wood 3 Lead Acetate 75 846 12 1321.5 8471
MSE2-402 btood 4 Lead Acetate 225 801 12 3875.G3 23948
MSE2-373 blood 4 Lead Acetate 225 80G 12 387S.G3 222.74
MSE2-385 blood 4 Lead Acelale 225 823 12 387563 232.31
MSE2-383 blood 4 Lead Acetate 225 835 12 3875.63 22446
MSE2-399 btood 4 Lead Acelale Z25 850 12 0 0
MSE2-387 Wood 5 Soil 75 809 12 1 15 0.08
MSE2-384 Wood ft Sal 7ft 812 12 3875.63 286.02
MSE2-360 Wood 5 Sal 75 817 12 1.15 0.08
MSE2-393 Wood" 5 Soil 75 824 12 1.15 008
MSE2-375 Wood 5 Sal 75 825 12 115 007
MSE2-378 Wood 6 Sal 225 813 12 372 0.25
MSE2-404 Wood 6 Sal 225 830 12 372 025
MSE2-304 btood 6 Sal 225 831 12 372 021
MSE2-386 btood 6 Sal 225 833 12 372 0.22
MSE2-389 Wood 6 Soil 225 844 12 372 024
MSE2379 btood 7 Sal 675 807 12 1164 074
MSE2-380 btood 7 Soil 675 808 12 1164 0.75
MSE2-377 btood 7 Sal 675 810 12 1164 0.73
MSE2-372 'btood 7 So3 675 828 12 1164 062
MSE2-403" 'biood' Y Soil 675 840 12 11 64 O.Gft
MSE2-436 blood 1 Comiol 0 804 15
USE2-435 btood 1 Comiol 0 820 15
MSE2^422 " bkxxf " 1 Contid 0 845 15
MSE2-442 " "btood 2 Lead Acelala 25 802 1 5
WSE2-407 btood 2 Lead Acelale 25 803 15
MSE2^428 "btood 2 LeadAcetale 25 816 15
MSE2-424 blood 2 Lead Acelale 25 82K 15
MSE 2-4 16 btood 2 Lead Acelale 25 838 15
MSE2-405 btood 3 Lead Acelale 75 810 15
MSE2-438 "btood 3 Lead Acelale 75 832 15
MSE 2-406 btood 3 LeadAcetale 75 834 15
MSE'2-412 'btood 3 Lead "Acetate 75 839 15
MSE2-41G btood' 3 Lead Acetate 75 846 15
MSE2-432 btood 4 Lead Acetate 225 001 15
MSE2-434" btood 4 LeadAcetale 22S GOB 15
MSE2440 btood 4 Lead Acelale 225 823 15
MSE2-417 btood 4 LeadAcetale 225 835 15
MSE"2^421 ""blood" 4 " LeadAcetale 225 850 15
MSE2~-423" Wood 5 Soil 75 80!) 15
MSE2-411 btood 5 Soil 75 812 15
MSE2-437 'blood 5 Soil 7S R1 7 16
MSE2-429 "btood" 5 Soil 75 824 1G
MSE2-415 btood 5 SoS 75 825 15
MSE2^25" 'biood 6 Soil 225 813 15
MSE2-408 blood 6 Soil 225 830 1b
MSE2-439 btood 6 Sod 225 831 15
MSE2-431" btood 6 Sod 225 833 15
MSE2-433 biood" 6 Soil 225 844 15
MSE2-414 btood 7 Soil CT5 807 15
USE 2-426 btood 7 Sol 675 808 15
MSE2-418 Wood 7 Soil 675 810 15
MSE2-441 blood 7 Sod 675 828 15
MSE2-410 'btood 7 Soil 675 840 15
USE2-546 lemur 1 CoMid 0 804 15
MSE2-540 lemur 1 Contrd 0 820 15
USE 2-545 lemur 1 Com id 0 845 15
MSE2-515 lemur 2 LeadAcetale 25 802 15
MSE2-529 lemur 2 LeadAcetale 25 803 15
MSE2-S47" lemur 2 Lead Acelale 25 816 15
MSE 2-522" lemur 2 1 cad Acetate 25 826 15
USE2528 lemur 2 LeadAceUle 25 83R 15
MSE2-S32 ferr«jT "3 Lead Acelale 75 815 15
MSE2-519 lemur 3 Lead Acelale 75 832 15
MSE2-534 femur 3 Lead Acetate 75 KJ4 15
USE 2-521 ~ lemur 3 Lead Acelale 75 839 15
MSE2-539 'lemur 3 LeadAtelate 75 846 15
MSE2-526 lemur 4 LeadAcetale 225 801 15
USE2-543 lemur 4 LeadAcetale 225 80G 15
USE2-516 lemur 4 LeadAcetale 225 823 15

Q Pb Cone LX AdjConc Units

1 1 05 ugAJL
1 1 05 ugldL

1 0 ft ug/dL
1 0 ft ug/dL
1 0 ft niydL
1 0 ft uijAIL
1 0 5 ugML
1 0.5 ug/dL

1 1 ug/dL
1 1 ug/dL
4 4 ug/dL
S S ug/dL
3 3 ug/dL
3 3 ug/dL

NA ug/dL
< 1 OS ng/(tL

2 2 ucj/dL
1 1 ug/dL
2 2 ug/dL

< 1 0.5 uy/dL
2 2 ug/dL
2 2 ug/dL
2 1 2 ug/dL
2 1 2 ug/dL
3 1 3 uy/dL
4 1 4 ug/dL
7 1 7 ug/dL
6 1 6 ug/dL
3 1 3 ug/dL
7 1 7 ug/dL
1 1 05 ug/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 05 ug/dL
1 1 05 ug/dL
1 1 05 ug/dL
1 1 05 uo/dL
1 1 05 iig/dL
1 1 0.5 ug/dL
1 1 0.5 ug/dL
1 1 1 ug/dL
2 1 2 ug/dL
5 1 5 ug/dL
5 1 5 ugML
2 1 2 ug/dL
1 1 1 ugML

t4A 1 ug/dL
< 1 1 05 ug/dL

2 1 2 ug/dL
1 1 1 ug/dL
2 1 2 ug/dL

< 1 105 ug/dL
3 1 3 ug/dL
3 1 3 ug/dL
3 1 3 ug/dL
3 1 3 ug/dL

< 1 1 05 ug/ril
6 1 6 ug/dL
7 1 7 ug/dL
11 1 11 ugWL
5 1 5 ug/dL
5 1 5 urydL
0.6 0.5 0.6 ng/rng

< 05 05 03 ngrmg
0.7 0.5 07 ng/mg
25 0.5 2.5 ng/mg
2.4 0.5 24 ng/mg
1.6 0.5 1.6 ng/mg
2 05 2 nj/titj
23 05 23 raj/ny
4 OS 4 ruj/ng
51 0.5 5 1 ng/mg
25 05 2.5 ng/rrg
52 05 52 njAng
3.7 05 3.7 ng/mg
123 0.5 12.3 ng/mg
13.6 05 136 ng/rrg
10.6 0.5 106 ng/mg
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TABLE A-5

Sample Number

MSE2-835-(15)-F
MSE 2 850-(1 5) -F
MSE2-809-(15).f
MSE2-812(15)-F
MSE2-817-(15)-T
MSE2-824-(15)f
MSE2-82S-(15)-F
MSE2-813-(15)F
MSE2-830-(15)-F
MSE2-831-05J-F
MSE 2- 833 -(1 5) -F
MSE2-844-(15)f
MSE2-807K15)-F
MSE 2-806 -05J-F
MSE2-810-<15)-F
MSE2-828-(15)-f
MSE2 840^1 5)-F
MSE2-804-(15)K
MSE2-820-<15)-K
MSE2-845-(15)-K
MSE2-802-{15)-K
MSE2-803-(15)-K
MSE2-816-(15}-K
MSE2-826r(15)-K
MSE2-838^1 5)-K
MSE2-819-(15)K
MSE2-832-<15)-K
MSE2834-(15)-K
MSE2-839-(15)-K
MSE2-846{15)-K
MSE2-801-<15)-K
MSE2-806-(15)-K
MSE2"-823^15)-K
MSE2~835-(15)-K '
MSE2-850-(15}-K
MSE2~809-(15)*
MSE2-812-{15>K
MSE2-817-<15)-K
MSE2i24-(15)-K
MSE2-825-(15)-K
MSE2-813-(15)-K
MSE2-830-(15)-K
MSE2-831-(1S}* "
USE 2-833(1 5) -K
MS£2"-844-(15)̂ <"
WSE2-B07-(15)-K
MSE2-808-(15)-K
MSE2-810-(1&>K
MSE2-828-{15)̂ ;
MSE2-84Cyi5)-K
MSE2-804-(15)-L
MSE2-820-(15)-l_
MSE2-845-(15)-L
MSE2-802-(15)-L

MSE2-~863-(15H. "
MSE2~-816-<15)-L
MSE2-826.{1SH "
MSE2^830H15)-L
MSE2-819-(15H
MSE2-832-(15)-L
MSE2-834X15J-L
MSE2-839-(15)-L
MSE2-«46-<15)-L

USE2-801-(15)-L "
MSE2-806-(15)-L
US£2^23-(15)-L

MSE2-83M15H
MS£2-850-(1S)-L
USE2 809-(15)-L
MSE2-812-(15)-L

Tag Number Matrix

MSE2-518 lemur
MSE2-520 lemui
MSE2-537 lemur
MSE2-542 lemur
MSE2-531 lemui
MSE2-523 lemui
MSE 2-550 leinur
MSE2-548 lemur
MSE2 536 femur
MSFJ2-533 lemur
MSE 2- 549 lemur
MSE2-527 lanur
MSE2-538 lemur
MSE2-544 lemur
MSE 2-535 lemur
MSE2-517 lemur
MSE2-524 lemur
MSE2 408 kidney
MSE2-487 kidney
MSE2-470 kidney
MSE2-488 kidney
MSE 2- 508 kidney
MSE2-505 kidney
MSE2-483 kidney
MSE2-510 kidney
MSE2-501 kidney
MSE2-485 ' kidney'
MSE2-502 " kidney
MSE2-SOO kidney
MSE2513" kidney
MSE2-495 kidney
MSE2-503 kidney
'MSE2-504 kidney
MSE 2480" kidney
MSE 2-486 kidney
MSE2-489 kidney
MSE2-493 kidney
MSE2-509 kidney
MSE 2-51 2" "kidney'
MSE2-496 kidney
MSE2-511 kidney
MSE2-482" ' "kidney
MSE2-514 kidney"
MSE 2-494 'kidney
MSE 2-481 kiiney"
MSE2-491 kidney
MSE2-506 kidn'ey
MSE2-484" kidney
MSE 2-499 kidney
MSE 2-407 'kidney
MSE 2-477 liver
MSE2^456~ livej
MSE 2-446 Iwei
MSE2-466 "iwer"
MSE2-471 Irver
MSE2461 liver
MSE2-453 hei
MSE2-473 liver "
MSE2-470 livef
MSE2-467 bvef
MSE 2-457 "Svir" "
MSE2-448 kvef
MSE2-472" Ivei"
MSE2^465 ItveT "
MSE 2-455 iver
MSE 2-451 6ver

_ I Material
GrOUp| AdrrinrsSeieJ
4 Lead Acetate
4 Lead Auelalo
5 Soil
5 Soil
5 Soil
5 Sal
5 Soil
6 Soil
6 Soil
6 Soil
G Soil
6 Sal
7 Soil
7 Soil
7 Soil
7 Soil
7 Soil
1 Conliol
1 Contiol
1 Control
2 LeadAcetale
2 Lead Acelale
2 Lead Acetate
2 Lead Acelale
2 Lead Acelale
3 L ead Acetate
3 Lead Acelale
3 LeadAcmalc
3 Lead Acetate
3 LeadAcelate
4 Lead Acetate
4 Lead Acetate
4 L ead Acetate
4 Lead Acelale
4 Lead Acetate
5 Soil
5 Soil
5 Sol
5 Soil
5 Soil
6 Soil
6 Soil
G Soil
6 Sol
6 Sol
7 Soil
7 Sod
7 Soil
7 Soil
7 Soil
1 Comiol
1 Conliol
1 Contiol
2 Lead Acelale
2 Lead Acelale
2 LeadAcetate
2 Lead Acetate
2 Lead Acetate
3 Lead Acelale
3 LeadAcetate
3 Lead Acetate
3 Lead Acetate
3 Lead Acetate
4 LeadAcetate
4 Lead Acetate
4 Lead Acetale

MSE 2-450 iver 4 Lead Acelale

Target Dost;
(ug/kg-d)

225
225
?5
75
75
75
75
225
225
275
225
225
675
675
675
675
675
0
0
0
25
25
25
25
25
75
75
75
75
75
225
225
225
225
225
75
75
75
75
75
225
225
225
225
225
675
675
675
675
675
0
0
0
25
25
25
25
25
75
75"
75
75
75
225
225
275
225

MSE2-443 liver 4 Lead Acetate 225
MSE 2-474 brer 5 Sol
MSE2-444 kvei 5 Serf

MSE2-817-{15J-L MSE2-464 liver 5 Soil
MSE2-S24-(r5)-L " MSE2^462 ' liver 5 Soil

MSE2-825-(15K

75
75
75
75

MSE2-447 Iver 5 Soil 75
MSE2813-{15H MSE2452 Iver 6 Soil 225
MSE2~830-{15)-L
MSE2-831-(15)-L
MSE2-O33-(1S)-L
MSE2-644-(15H.
USE2-807-{15)-L

MSE2-469 Gvet 6 Sol
MSE2-459' Sver 6 Soil

225
225

MSE2-478 Bvw 6 Soil 225
MSE2-460 iver 6 ' Soil 225
MSE2-445 &ver 7 Soil 675

Rg I Collection [Actual Dose
Number | Day | (ug/d)
835 15
860 1 5
809 15
81 2 15
817 15
824 15
825 1 5
813 15
830 16
831 15
833 15
844 15
007 15
808 15
810 15
828 15
840 15
604 15
820 15
845 15
802 15
803 15
81 G 1 S
826 15
838 15
819 15
832 15
834 15
839 15
846 15
801 15
806 15
823 15
835 15
850 15
800 15
812 15
817 15
824 15
825 15
813 15
830 15
831 10
833 15
844 15
807 15
808 15
810 15
828 15
840 15
004 15
820 1b
845 15
802 15
803 15
816 15
826 15
838 15
819 15
832 15
834 15
839 15
846 15
801 15
80G 15
823 15
836 15
050 15
809 15
812 15
817 15
824 15
825 15
813 15
830 15
831 15
833 15
844 15
807 15

Actual BWAdj 1 1
Dose(U9/d) j^l"51-0

151
NA

23
35
3.1
4.1
3.1
9.7
9 2
7 6
8.G
8.6
22.2

287
274
24
267

< 10
< 20
< 10

30
50
20
30
20
100
80
70
90
70
300
360
220
180

NA
40
90
60
80
70
230
190
160
180
160
600
700
1030

530
570

< 10
< 10
< 10

30
30
10
20
30
60
60
GO
90
70
310
540
340
2?0

NA
60
90
50
50
90
180
110
180
220
220
S30

IK DL AdjConc

Ob 15.1

05
0.5 2.9
05 35
0.5 31
0.5 4.1
0.5 31
0.5 97
0.5 9.2
0.5 7.6
0.5 86
0.5 86
05 22.2

1 287
1 27.4

05 24
0.5 2ft. 7
10 5
20 10
10 5
10 30
10 50
10 20
10 30
10 20
10 100
10 80
10 70
10 90
10 70
10 300
10 360
10 220
10 180
10
10 40
10 90
10 60
10 80
10 70
10 230
10 100
10 160
10 180
10 1GO
20 600
20 700
20 1030

20 530
20 570
10 5
10 5
10 5
10 30
10 30
10 10
10 20
10 30
10 60
10 60
10 60
10 90
10 70
10 310

Units

119/11-19
ng/iny
ng/my
ng/ing
rHj/ing
iKj/mg
nij/mg
ny/mg
ng/my
ny/nifj
ng/rng
ny/my
ng/rng
ng/my
ng/mg
ng/rng
nq/iiv.i

ny/9
ng/g

"9/9

"9/y

ny/u
ny/g

'HJ/9

"9/VI
"9/g
iig/y
ng/g

ng/y

ng/g
ng/g
1KJ/U
ng/g

"9/9
ng/g

"9/9

"9/g

"9/9

"9/g

"9/9
ng/g
ng/g

"9/g

"9/9

"9/9

"9/9

"9/9

"9/0

"9/9
nn/cj

"9/g
ny/o
"9/9
'MAl
"9/g
ng/g
"0/9

ng/g
ng/g
"ate
ng/g
ng/g
"9/9

ng/g
20 540 ng/g

10 340 ng/g

10 220 nf>g
10 ng/g

10 60 "9^9
10 90 ng/g

10 50 ng/g

10 50 ng/g

10 90 ng/g

10 180 ng/g

10 110
10 180
10 220
10 220
20 930

"9/9

"8/9

"0/9
ngAg
ng/g
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TABLE A-5

„ . TI ~ TIT Malenal [Target Dose] Pig Cdledion Actual Dosel Actual BWAdj I _ I 1
Sample Nuiribei TagNumbei Matnx Gtoup ., .. . , B . ,. .. r. ~ , ... ~ , ... QPb Cone DLAdiConc Units^ | " | II Admmisleied | (ug/kg-d) |Nurnl«| Day I (UQ/<!) I Dose (ug/d) | | III I

MSE2-806-(15)-l
MSE28tO-(15)l
MSE2-R2fi.{15)4
MS[T2-fWO-(15H

MSE2-4C3
MSE2-458
MSI=X-4M
MSfT?-^

bver
lr.cc
livei
liver

7
1
7
7

Sal
Soil
Sal
Soil

67S
675
fi75
f!75

808
810
fW
MO

15
15
15
15

1450
1750
/teo
9»

SO
50
10
no

1460
17bO
4f»
9»

ngji)

iiQ/g
mjAj
nq/fl

Adual Dose and AcJua) BW Adj Dose" Values pifisc«led nro fot individual tk^sinp ilnys only; avoiarje ilosc-sovw tin'; rr^nse of Iho sludy air [«eSi':nlr.Hj in TaUr A fv as
welt as Table 2-1 in the rnain text
Pb Cone: Acounts lor ad dilutions in samplo pieparolion and analysis.
AdjConc1 Non delerls evaluated al 1/2 the quanlilnlinn Inrul (DL)
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Analytical Spikes

TABLE A-6

LEAD ANALYTICAL RESULTS FOR QUALITY CONTROL SAMPLES

Laboratory Control Standards

Sample
Number

MSE2- 122
MS £2- 14 2
MSE2 164
MSE2-185
MSE2- 136
MSC2-207
MS £2-225
MS £2-236
MS 62-24 7
MSE2-258
MSE2-2119
KISE2280
MSE2-290
MS £2-301
MS £2-312
ME, £2 323
MSE2-339
MSE2-350
MSE2-361
MS £2-372
MSE2-K2
MS £2 -393
MS £2 -105
MS E2-4ii)
MSE2-428
MSE2-439

Malnx

btood
Mood
blood
blood
btood
blood
blood
blood
blood
blood
bfcod
blood
blood
blood
blood
blood
btood
bfood
blood
blood
blood
btood
blood
brxid
uood
UOOil

MSE2-449 liv«
M4E2-4S8 irvei

N
Anatyto

1
Pb
PD
Pb
Pb
Pb
PB
PB
Pb
Pb
Pb
Ft)
Pb
PB

Pb
Pb
Fti
Pb
Pb
Pb
Pb
Pb
Pt
PD

Pb '
Pb
PB

Ft>
PD

MSE2-469 liver Pb
MSE2-<97 kidney
&ASE2-GOS
MSE2-515
MSE2-634
USE2-543

Analytical Dur

Sample 1
Number

iidnrtY
tsnvj
femur
femur

PD
PC
Pb

Pb
OB

omms Cone tspiKed
^pilce sample)
uo/L) u^L

3 68
4 73
5 4 8
355
6 0 1

11
5.35
4 25
5.10
11 1
4 5
367
6 UK
3.%
6 22 .
699
703
6.83
365
708
408
565
504
543
362
7 44

0 24 C
20 56
20" 31?
20 45.6
20 ' 56.3
20 24.1
20" " 22.6
20 42 f.

Original
Cone
(uo/L)
-:DL

'-DL
2 15

--QL

2 25

749
O S J
--DL

1 OU

? 11
<DL
<n[_

2P.1
<0L
1 96
2.JI9
338
2.S5
•-OL

334
108
168
0 70
153
<OL
3.25
3.71
349
II 1
284
348
4.37
503
237

Percc-nl
Recovery

32%
113%
33%
89%
•^4%
68%
110%
106%
103%
100%
113%
97%

10?%
93%
105%
99%
91%
99%
91%
94%

99%
93%
107%
W%
90%
105%
104%
106%
101%
86%
108%
96%
68%
95%

>licdtes (Post-Digestion)

Matm

MSE2-W5 .btwd
MSE2-1IS Wood
MSE2-12C l*Wd
USE2-1J4 Uotd

c
Anayte (tin (̂ Original Cone

î (ug/L)
Ft) <CJL -.OL
P6 <OL <DL
Pt, <CL "-DL
Pb

MSE2-M5 wxxJ PC-
MSE2-1S5 Nood PB
MSE2-ie5 btocd PS
M5E2-175 DUCd

<)L <DL
1 1
8 6
3 3

^0 <CL ^DL
MSE2-W5 Wood Pb
M3E2-19S Uood
MSEi-iOS bkxd
MSE2-220 blood
MSE2:230 Wood

PB
<CL <DL
i i

PB <OL <DL "
PB <CL <H.
PS i

MSE2-240 Wood Pb <OL <OL
USE2-2SO Dlood
MSE2-260 blood
MSE2-270 btood '
MSE2-280 fc*XXl
MSE2-230 ttxa

Absdufe
Difterenca or

RPD
HA
WA
NA
HA

wiiin 1
wtin 1
witun 1

NA
NA

wirun
NA
NA

Mtin
HA

1

1

PB <OL '-DL NA
Pb
PD

3 3
3' 3

PC OL <DL
PB

US62-3ob btocd Pb
MSE2-3IO Blood
MSE2-320 blood
MSE2-~332 bkxjd
MSE2-J42 blood
MSE2-3S2 btool
MSE2-362 M»d
MSE2-372 btocd
WSE2-J82 Wood
MSE2-392 bkwd
USE24O4 Mxx)
MSE2-414 btood
MSE2-I25 ttrjvi
W4E2-)35 bto.x)
M3E2-453 tver
U3E2-465 Irva

PB
PS

3 3
7 7 "
3 3
*L <DL

PD <OL <OL
PB
Pb

5 5
2 2

PB <CL ^CL
PB
PB

3 3
i i

Pt) OL <DL
PD
PS
PB '

2 2
6 6
2 3

PO <oi ^DL
PD 1 92 1 74
PD 311 318

MSE2-475 kva Ft> 546 5 u
MSE2-«SS tehri PB 7 773

oitin
wihn

NA

1
1

wilrin 1
wilhtn 1
wrin 1

"HA
NA

wirun
«nhn

HA

1
1

vntsn 1
xilin 1

HA
wifrn
wirur.

T

1

who 1
NA

witin
20%

1

Mhn 1
«inn1

MS.E2-4S6 ttdrey PD 715 595 wrun
US £2504
»«E2-5I4

odnoy Pb 22 239
*h?y Pt l£6 156

MSE2-5W femur PO 76 8
MSE2^(3 femur Ptr ' T 3 6 " 118
MEE2-5krjO ternur PB 3 T 37

8.5%
74%

1

mftn 1
14 1%

wiftn 1

OCStOID

G'XT.;.
OOLT-i
TORT 2
IC'RT-2
MIST i-100
LiJIS-1
ERA.f.97 V-.
ERA 697 1/5
ERA CU7 1/5
£^697 1'5
ERA 097 1/5
ERASS71/5
ERAG9/ i/5
FRAtW 1/S
ERA. 697 i/f
ERA. 63 7 1/5
ERA 697 1/5
EPA6« 1/5
ERA 697 1/5
Eh.1.897 1/5
ERA 6971/5
ERA 697 1/5
ERAEW 1/5
ERA.597 1/10
ER.<\697 1/10
ERA 697 1/10
ERA6U7 1/10
ERA 697 1/10
ER^6'J7 1/10
ERA 697 1/10
ERA 6971/10
ERA 697 1/10
ERA 697 1/10
ER">897 1/10
ERA 697 1/10
ERA 697 1/10
ERA 697 1/10
ERA B97 1/10
ERA 667 1/10
ERA 697 1/10
EFWW 1/10
ERA 697 1/10
EPA 697 i/IO
ERA6i7 1/10
ERA 697 1/10
ERA 697 1/10
ERAf97 1/10
EPA 697 1/10
ERA. 697 I/ 10
ERA 69? 1/10
ERA 6971/10
ERA 667 1/10
ERA C37 1/10
ERA 697 1/10
ERA 697 1/10
ERA 697 1/10
ERA 697 1/10
ERA 697 1/10
ERA 697 1/10
ERAC97 1/10
ERA 647 1/10
ERA697 I/IO
ERA 697 1/10

ERA 697 1/10
ERA697 1/10
ERA 697 1/10

QC Sid Cone

0 J1'J pg/g
Oil'Jvw.'g

0 J5 puig
0 35 iiy/u
9 07 gij.'g
001 uo/n
17 5 pot
175W /L
17.5 iia/l
175 ogl
l /5| ia/L
17 5 W/l
1 7 f. |,Q/L
175 pa/L
I75P3/1
17.5HJ/L
17 f pg/L
17.5 LAl/L
17.5 py/L
175p.jJL
i / 5 pg/L
175pl/L
17 5jx>/L
8.75 P.JA.
8 V5 M-JIL
erstigfl.
fi.75 pg/l
6.76 P9/L
875|»iL
875P9.1.
6 75 ^Kj/L
>!.75piKL
8.75 VKVL
8.75 pg/L
8.75 MOIL
U 75 M ÎL
6.75MO.T
875 pg/L
* 75 pg/L
875P9/L
6.75 pg.1
8.75 pg/L
6.75 pg/L
8.75 p*L
875p9/L
9.75 p9/L
t 75 po>L
875p.jlL
8.75 pcVL
6.75 p l̂L
C 75 t«>l
8.75 M9/L
6.75 M9/L
675M(yL
8 75 p$!L
e.75 pg.̂
8 75 uglL
8.75 M5XL
8.75 pgl
6.75poA
8 75 pg/L
6.75 P.JIL
8.75 pg/L

875M9a
875P9/L
6 75 Mg/L

Anatyl?

Pb
Pt)
Pb
PJ
Pb
Pb
Fb
Ft.
Ft)
PB
PS
PO

Pti
PS
Pb
PC.
Ftj
Po
FB
PB
P3
Fb
FB
Ft,
Pb
PC,
Pb
Ft)
PD
PB

Ft)
Pb
PD
F-b
FB
Pb
Ft)
Pb
FB
Pb
PD
P3
PB
PD
PS
PJ
PB
PB
FB
Pt.
PO
Ft;
n
PB
PD
PB
PD
PD
Pb
FB
FB
PB
Pb
PD
Ft)
Ft.

Unadjusted
Concentration

027 pg/g
034 pg/g
027 p.j/.j

r'24!in;g
9 09 pg/'j

-• OL (0 01) pufa
18 -.. pgfl.
16 5 |*3A.
108pg.L
18 7 pgrt.
19 1 pgA.
16 3 ugfl.
19 J pg/l
18 1 pg/L
16 3 pg/L
164 pg/l

19pgA.
17 5 pal.
175pgA.
lo 9 pgiL
17 5pa/L
16 5 pg.L
19 i^nv
b W. pgA.
B77 pg,l
S21 pglL
884 ugil.
94 pijn.
45pg,l

8 92 pg.1.
861 pg.L
RfSpg/L
92pg«.

924 pg/L
9 3 pg/L

8KSpg/L
904 pg/L
6.99 pg/L
9 .'.9 pg,l
693 part.
91 pgl

S 89 p.>V
SISpijl
fiBIygA.
905 pg/L
921 1>>V.
•5 Oi polL
•301pg.V
9 35 pod
•35f.p9«.
'306pglL
85Spgil
939pgVL
904 pgO.
9.0-; p,>i
82:p9,L
66 pgA.

S.69 p»L
8»WA.

379pgl
904 pg,L
8.67 po,!.
895 pgl
923 pgt
9 16 pg.1.
eWpo/L

Peicent
Recovery

Sr-4 f°4

751-%
77 1%

6Sf%
1002%

1W. '3%
105 7%
l'.T C%
107 1%
109 0%
63 0%
109 u%
10! 2%
10-1 8%
105 1%
108 S%
too .;%
998%
1082%
1002%
94 5%
10f:9%
W.0%
1002%
93.8%
101 0%
107 4%
1086%
1019%
984%
101 5%
105 1%
105 6»
1063%
1009%

1033%
102 7%
1073%
102 1%
W4 0%
101 6%
1049%
100 6%
1034%
105 3%
1032%
TO 0%
W 9r*
109 3%
103 E%
•jfc 1%
107 J%
10J3%
I0i5%
94 t%

683%
S3 3%
101 7%
1005%
103.3%
101 4%
1023%
1055%
104 7%
102 4%
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TABLE A-6

S»mpl» Preparation R»plicat«s

1 Tag Number

MSE2 138
MSE2 116
MSE2-137
MSE2-141
MSE 2-1 50
MSE2-162
MSE2212
MSE 2-1 98
MSE2-1B9
MSE 2-249
MSE2-217
MSE2-230
MSE2-257
MSE2-280
MSE2-201
MSE2-307
MSE2-299
MSE 2-3 14
MSE2346
MSE2363
MSE2-342
MSE2-371
MSE2-397
MSE2-367
MSE 2 -4 20
MSE2-409
MSE2-430
MSE2-168
MSE2-475
MSE2-449
MSE2 Î92
MSE2-507
MSE2-490
MSE2-530
MSE2-541
MSE2-525

.. . I QC Original I Material Target Dose
| Identifier Pigtt Orol*[ Admiristeied (via/kg-d)

blood 2819 819 3 Lead Auolali; 75
blood 2801 801 4 Load Aucliitu 225
blood 2807 807 / Soil G75
blood 2813 813 6 Soil 225
blood 2802 802 2 LeadAcdtale 25
blood ' 2800 809 5 Soil 75
blood 2804 R04 1 Cririlira 0
blood 2808 • 808 7 Soil 6/!i
blood 2832 832 3 LftadAoolala 75
blood 2810 BIO 7 Soil S75
blood 2806 806 4 LeadAcelale 225
Wood 2812 812 5 Soil 75
blood 2830 830 6 Sod 225
blood 2803 803 2 Lead Acetate 25
blood 2834 834 3 LeadAoatatu 75
blood 2817 817 5 Soil 75
blood 2823 823 4 Lead Auelale 225
blood 2831 831 6 Sod 2?5
blood 2820 820 1 Cururol 0
blood 2810 B18 2 LoadAculale 25
blood 2828 828 7 Soil 075
blood 2839 (B9 3 LeadAialate 75
blood 2824 824 5 Soil 75
l*x>d 2845 645 1 Conlrd 0
blood 2835 835 4 Lead Aoulate 225
blood 2833 833 6 Soil 225
blood 2826 826 2 LeadAmlale ?5
liver 2001 801 7 Soil 675
liver 2809 8CU 3 LeadAcelale 75
ni«f 2838 83ft 6 Soil 221,
kkJney 2846 M6 4 LeadAotUale 225
kidnoy 2825 825 5 Soil 75
kidrwy "2838" 838 2 Lnad Acelate 25
lamr 2812 812 5 Soil 75
fomu 2808 808 7 Soil 675
femu- 2803 803 2 LeacJAoelate 25 '

Collection
„ AnaMe
Day

0 Pli
0 Pb
o r-ti
1 Ph
1 Ri
1 Pb
2 rt>
2 1*
2 Hi
3 Pb
3 R)
3 F1>
5 Pb
0 Pb
5 Pb
7 Pb
/ Ri
7 R)
9 R)
9 Pb
0 Pb
12 Pb
12 Pb
12 H)
15 Pli
15 R)
15 Pb
15 Pb
15 Pb
15 Pb
15 Pb
15 Pb
15 Pb
15 Pb
15 Pb
15 Pb

Q DL PbConc AdjConc

< 1 1 O.Sug/dL
< 1 05 uy/i!
< 1 Ob uyML

1 1 ug/il
< 1 0.5 ugidL
< 1 0.5 ug/dL
< 1 1 0 5 ug/rlL

1 9 tf utydL
1 2 2 iKydL
1 5 5 ug/dL
1 1 1 uyidL
1 1 1 ug/dL
1 4 4 ug/dL

< 1 1 0.5 uoydL
1 2 2 ug/dL

< 1 1 0.5 uy/dL
1 6 b ug/dL
1 2 2ui>'dL

< 1 1 0.5 uy/cB.
< 1 1 05uy/dL

1 5 5 ug/dL
< 1 1 0 5 ugML
< 1 0 5 UIJ.VJ.
< 1 0 5 ug/cll.

4 4uy/dL
< 1 0.5 uy/dL
< 1 0 5 mj/i-t

10 310 310ng/g
10 GO 60no/g
10 40 40ng/u
10 100 lOOng/g
10 60 60 rig/g
10 30 30 ng/g

05 4.3 4.3 ny,'iny
1 28.7 287ns)/ii>g

0 b 2.6 2.6 ng/mg

Original
AdjConc

05
05
05

2
05
0 j
05

7
1

5
2

0.5

3
0.5

1

1

5
2

05
0.5

fi

1

2
05

1
3

05
310
00
30

70
70
20

35
287

2 4

Blood Lead Chock Samples

Tagl*jmbcr

MSE2-276
MSE2-147
MSE2-398
MSE2-J41
MSE2-215
MSE2-134
MSE2-125
MSE2-193
MS£2-2S2
MSC-2326
MSE 2-331
MSE2-427
MSE2-413
MSE2-2W.
MSE "2- 190
MSE2-171'
MSE2-400
MSE2277

fAmix | CDCBI°s
tlLD

e^dCh<5d< | CDCCcncsrtration

blood CDC BLLRS sample 294 1 8 pp/dL
Wood CDC BLLRS sample 294 1 9 pgcIL
blood COC BLLRS "sample 29-4 1 9 pg/dL
bkMK) CDC BLLRS saniplo 294 19 |jyfdL
blood COC BLLRS sample 294 1 9 |u>(JL
blood CDC I3LLRS sample 294 1 9jif/dl.
blood CDC DLLRS sample 199 5.5 ^dL
blood COC BLLRS sanple 190 S 5 lyiol
blood CDC BLLRS "saivlu 199 5 5 (.î dL
Mood CDC BLLRS iampta 199 5 5 >ijydL
blood CDC BLLRS sample 199 55 ĵ 'dL
blood' ' COC BLLRS sample 199 55jigML
blood CDC BLLRS sample 502 13.9 ^dL
blood CDC BLLRS sample 592 139jio/ol
bkxxi COC BLLRS sample 582 139(i«jfdL
blood COC BLLRS sample 592 139|>9ML
btood COC BLLRS sanpk- 592 130 ^dL
l*x>d COCBLLRSsaTnTJlo5S2 139|«/.ll

Analyte Q

Pb <
Pb
Pb <
Pb <
Pb <
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb

?ncl "- ^
1 1 05 ugi-dL
2 1 2uy/dt.
1 1 0.5 ug<dL
1 0.5 ug'dL
1 0 5 uy/dL
2 2 ug<VIL
4 4 ugfdL
4 4 ugfdL
4 4 uydL
3 3 uty'dL
4 4 ugfdL
4 1 4 ucydl

12 1 12 ug(dl.
12 1 12 ua/dL
13 1 13 urydL
12 1 12 iig/dL
U 1 11 uyldL
12 1 1? us/dl

MSE2_Appendix Axis (A^_QC pt2) Paye 2 ol 2
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TABLE A-7 IDENTIFICATION OF POTENTIAL BLOOD LEAD OUTLIERS

Material „. . . . Group
Administered r

Control 1
Control 1
Control 1
Lead Acetate 2
Lead Acetate 2
Lead Acetate 2
Lead Acetate 2
Lead Acetate 2
Lead Acetate 3
Lead Acetate 3
Lead Acetate 3
Lead Acetate 3
Lead Acetate 3
Lead Acetate 4
Lead Acetate 4
Lead Acetate 4
Lead Acetate 4

Pig
Number

804
820
845
802
803
816
826
838
819
832
834
839
846
801
806
823
835

Lead-'Acat'atei'-V*-:'̂  ' '-:-'^850
Test Material 1 5
Test Material 1 5
Test Material 1 5
Test Material 1 5
Test Material 1 5
Test Material 1 6
Test Material 1 6
rest Material! 6
Test Material 1 6
Test Material 1 6
Test Material 1 7
Test Material 1 7
Test Material 1 7
Test Material 1 7
Test Material 1 7

809
812
817
824
825
813
830
831
833
844
807
808
810
828
840

Target Actual Blood Lead (jjg/dLl by Day
Dose Dose* 0 1 2 3 5 7 9 12 15

0 0.00 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0 0.00 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0 0.00 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
25 25.59 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
25 24.26 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
25 26.98 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
25 23.04 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 05
25 26.67 0.5 0.5 0.5 0.5 05 0.5 0.5 0.5 0.5
75 69.40 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
75 75.18 0.5 1.0 1.0 0.5 0.5 1.0 1.0 0.5 0.5
75 82.12 0.5 0.5 1.0 2.0 1.0 2.0 0.5 0.5 0.5
75 69.93 0.5 1.0 1.0 2.0 1.0 1.0 0.5 1.0 1.0
75 84.80 0.5 0.5 1.0 2.0 1.0 2.0 0.5 1.0 2.0
225 231.31 0.5 3.0 3.0 2.0 4.0 3.0 3.0 4.0 5.0
225 214.61 0.5 2.0 3.0 2.0 3.0 3.0 3.0 5.0 5.0
225 217.75 0.5 3.0 4.0 3.0 3.0 5.0 3.0 3.0 2.0
225 243.10 0.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0

. i" ". •<. • • - .._

75 74.15 0.5 0.5 0.5 1.0 0.5 1.0 0.5 0.5 0.5
75 82.33 0.5 0.5 0.5 0.5 1.0 1.0 1.0 2.0 2.0
75 78.46 0.5 0.5 0.5 0.5 0.5 1.0 0.5 1.0 1.0
75 76.63 0.5 05 0.5 0.5 0.5 0.5 0.5 2.0 2.0
75 73.92 05 05 0.5 0.5 0.5 0.5 0.5 0.5 0.5

225 247.77 0.5 2.0 2.0 2.0 1.0 2.0 2.0 2.0 3.0
225 250.81 0.5 0.5 2.0 1.0 3.0 2.0 2.0 2.0 3.0
225 207.38 0.5 1.0 2.0 1.0 3.0 2.0 1.0 2.0 3.0
225 211.21 0.5 2.0 3.0 0.5 3.0 3.0 2.0 2.0 3.0
225 233.46 0.5 0.5 0.5 0.5 2.0 2.0 20 3.0 0.5
675 722.71 0.5 6.0 6.0 50 5.0 6.0 4.0 4.0 6.0
675 731.97 0.5 6.0 7.0 4.0 6.0 7.0 6.0 7.0 7.0
675 717.80 0.5 5.0 7.0 5.0 7.0 9.0 60 6.0 11.0
675 618.53 0.5 60 7.0 4.0 7.0 7.0 6.0 3.0 5.0
675 638.55 0.5 8.0 8.0 3.0 6.0 8.0 4.0 7.0 5.0

'Average body weight-adjusted dose for each pig over the course of the study (days 0-14).

Note:
Data point flagged as potential outlier (group mean < 5 ug/dL)

: . Data point flagged as potential outlier (group mean > 5 ug/dL)

Data point judged to be outlier; excluded from further analyses

2_MSE2 Analysis.xls (TblA-7_Blood Outliers)



TABLE A-8 AREA UNDER CURVE DETERMINATIONS

Group

1
1
1
2

2

2

2

2

3

3

3

3

3

4

4

4

4
4
5

5

5

5

5
6
6
6
6
6
7
7
7
7
7

Pig
Number

804

820

845

802

803

816

826

838

819

832

834

839

846

801

806

823

835

850

809

812

817

824

825
813
830
831
833
844
807
808
810
828
840

AUC(pg/dL-days)for
0-1

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.75
0.50
0.75
0.50
1.75
1.25
1.75
1.75

1-2

0.50

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
1.00
0.75
1.00
0.75
3.00
2.50
3,50
3.00

2-3

0.50

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.75
1.50
1.50
1.50
2.50
2.50
3.50
3.00

3-5

1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
3.00
3.00
3.00
6.00
5.00
6.00
6.00

Time Interval Shown
5-7

1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.50
3.00
2.00
3.00
7.00
6.00
8.00
6.00

7-9

1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
2.00
2.50
1.50
2.50
6.00
6.00
8.00
6.00

9-12
1.50

1.50
1.50
1.50

1.50
1.50
1.50
1.50
1.50
2.25
1.50
2.25
2.25
10.50
12.00
9.00
9.00

12-15
1.50

1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
3.00
4.50
13.50
15.00
7.50
6.00

0.50
0.50
0.50
0.50
0.50
1.25
0.50
0.75
1.25
0.50
3.25
3.25
2.75
3.25
4.25

0.50
0.50
0.50
0.50
0.50
2.00
1.25
1.50
2.50
0.50
6.00
6.50
6.00
6.50
8.00

0.75
0.50
0.50
0.50
0.50
2.00
1.50
1.50
1.75
0.50
5.50
5.50
6.00
5.50
5.50

1.50
1.50
1.00
1.00.
1.00
3.00
4.00
4.00
3.50
2.50
10.00
10.00
12.00
11.00
9.00

1.50
2.00
1.50
1.00
1.00
3.00
5.00
5.00
6.00
4.00
11.00
13.00
16.00
14.00
14.00

1.50
2.00
1.50
1.00
1.00
4.00
4.00
3.00
5.00
4.00
10.00
13.00
15.00
13,00
12.00

1.50
4.50
2.25
3.75
1.50
6.00
6.00
4.50
6.00
7.50
12.00
19.50
18.00
13.50
16.50

1.50
6.00
3.00
6.00
1.50
7.50
7.50
7.50
7.50
5.25
15.00
21.00
25.50
12.00
18.00

AUC Total
(ug/dL-days)

7.50

7.50
7.50
7.50
7.50
7.50
7.50
7.50
7.50
10.75
14.25
15.00
18.00
50.25
50.25
47.25
40.75

9.25
17.50
10.75
14.25
7.50

28.75
29.75
27.75
33.50
24.75
72.75
91.75
101.25
78.75
87.25

2_MSE2 Analysis.xls (TblA-8_AUCs)
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FIGURE A-1 BLOOD LEAD DATA BY DAY

LEAD ACETATE and CONTROLS

12
TEST MATERIAL 1

6 8 10
Study Day

2_MSE2 Analysis.xls (FigA-1_raw PbB)
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APPENDIX B

Data from Drexler— 12-Month Sample (2005)
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TABLE 1. Laboratory of Environment and Geological Sciences, University of
Colorado, Boulder

Project Name: EPA Phosphate

Run#: Date: Operator: Drexler

Position
in rack

1

2

3

4

5

6

7

8

9

10

Sample name

HER-2930-1

HER-2930-2

HER-2930-3

Lab#

HER-
2930-1
HER-
2930-2
HER-
2930-3

Wt. Grams

1.00021

1.00036

1.00036

pH start

1.544

1.544

1.544

Starting
time

9:47

9:47

9:47

Stopping
time

10:47

10:47

10:47

pH stop

1.569

1.569

1.568

Run#:

Project Name:

Date: Operator:

Position
in rack

1

2

3

4

5

6

7

8

9

10

Sample name Lab# Wt. Grams pH start
Starting

time
Stopping

time pH stop

B-2



In Vitro
As ppm Pb ppm

HER-2930-1 all x20
HER-2930-2
HER-2930-3
HER-2930-3-AD

-0.032
-0.027
-0.011
0.019

17.322
17.062
16.874
16.755
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TABLE 2. Preliminary Summary Of In Vitro Bioassay Results

O)

O)
E
'o

"5
.Q

O
in
CM
V
c
.Q
Q.

2473

2465

2534

2021

2021

2021

3>
=
o
(0
(/>
(/)
re

1.00021

1.00036

1.00036

1 00021

1.00036

1.00036

£j

-Q
"-
o
cc
u

2.47

2.47

2.53

2.02

2.02

2.02

"6>
E,
n
D.
Q.
O

. 17.322

17.062

16.874

17.322

17.062

16.874

•4-J

m
c
o
v>

"5

0.1

0.1

0.1

0.1

0.1

0.1

b
 B

io
a

cc
e

ss

a.

>*~
co

"55
£
S3

70

69

67

86

84

83

Using
average

EPA value
for bulk Pb

Sample

HER-2930-1

HER-2930-2

HER-2930-3

HER-2930-1

HER-2930-2

HER-2930-3

QA/QC

HER-2930-3-AD 16.755
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3050

HER-2930-1
HER-2930-2
HER-2930-3
HER-2930-3-AD

DL

As ppm
2.57
2.31
2.63
4.16

Pb ppm
2473
2465
2534
2532

5.00 1.00
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APPENDIX C

Detailed Results for 24-Month Sample from
Castedetal.(2006b)
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TABLE A-1 SCHEDULE

Sludy
Day

•5

-A

-3

-2

-1

0

1

2

3

4

5

6

7

8

g
10

ii
12

13

14

15

Day

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Monday

Date

6/1 3/OG

6/1J/06

6/15/06

6/16'06

S/ 17/06

6/18/06

6,' 19/06

&/20/06

6/21/06

6/22/06

6/23/06

6/24/06

6/25/06

6/26/06

6/27/06

6/2&06

S/29/06

6/30/06

7/1/06

7(2/06

Bleed

X

X

X

X

X

X

X

X

7/3rf)6 J X

Dose
Administration

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Feed
Special Diet

transition

transition

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Woicjh

X

X

X

X

X

X

X

Dose1 Prt'p

X

X

X

X

X

Cull Pigs; Assign
Dose Grojp

X

Sacrifice/
Necropsy

1 1 *
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TABLE A-2 GROUP ASSIGNMENTS

P>g
Number

409
856
866
402
405
407
419
857
401
412
416
421
855*
425
851
853
863
867
406
408
418
422
862
417
854
859
861
864
404
411
413
414
860

Dose
Group

1

2

3

4

5

6

7

Malarial
Administered

Control

Lead Acetate

Lead Acetate

Lead Acetate

Test Material

Test Material

Test Material

Target Dose of
Lead

(pg/kg-day)

0

25

75

225

75

225

675

'Pig 855 replaced pig 865 on Day -2 (6/16/06. pre-dosing).
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TABLE A.J BODY WEIGHTS AND ACTUAL ADMINISTERED DOSES, BY OAY
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TABLE A-4 ANIMAL HEALTH

Naxcel Treatment for Illness

First Day of
Treatment

Day -2 (6/1 6/06)

Day 0(6/1 8/06)

Day1 (6/19/06)

Day 1 2 (6/30/06)

Day 13(7/1/06)

Pig

855

421

863

407

851

412

856

860

864

864

851

Group

3

3

4

2

4

3

1

7

6

6

4

Treatment
Duration
4 days

5 days

3 days

4 days

3 days

3 days

2 days

Necropsy Notes

Pig 861 (Group 6) had a cyst in his gallbladder; pig 864
(Group 6) had a diffuse pneumonia.
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TABLE A-5

LEAD ANALYTICAL RESULTS FOR STUDY SAMPLES

Sample Number Tag Number

MSE3-409-(15K MSE3-477
MSE3-856-(15)-L MSE3-I55
MSE3-866-(15)-L MSE3-476
MSE3-402-I15H MSE3-460
MSE3-405-(15)-L MSE3-446
MSE3-407-(15)-L MSE3-458
M$E3-il9-(15K MSE3^157
MSE3-857-(15)-L MSE3-467
MSE3-J01-(15)-L MSE3-465
MSE3-855-05H MSE3-478
MSE3-421-(15)-L MSE3-14S
MSE3-I12.(15|-L MSE3-450
MSE3-J16-O5H- USE3-451
MSE3-425-<1S)-L MSE3-161
MSE3-8SH15K USE3-456
MSE3-853-(1SK MSE3-471
MSE3-e63-(15)-L MSE3-463
MSE3-867-<1S)-L MSE3-462
MSE3-422-(15>-L MSE3J69
MSE3-)06-(15)-L MSE3-444
MSE3-8G2-05H- MSE3-468
MSE3-I08-{15K MSE3-445
MSE3-)18-(1SH- MSE3-173
MSE 3-1 1 7-( 1 5M. "MSEi464
MSE3-854-(15K MSE3-475
MSE3-859-(15)-L MSE3-̂ 70
MSE3-861-(15)-L MSE3-46U
MSE3-«fri-<15>-L MSE3-«i2
MSE3-»11-(15K MSE3-149

MSE3-8GO-(15K MSE3-»74
USE3-4I3-(15H_ MSE3-453
MSE3-104-<1SH- WSE3-**7
MSE3-414-f15H- MSE3J72
WS£3~W9-<1S)-K ».tSE3-iaC
MSE3-8S6-<15)-K MSE3-X79
MS£3-866-<1S)-K MSE3-S09
USEW 19M15)-K MSE3-428
MSE3^BS7-<15)-KMSE3--(96
MSE3-50?-< 15>K USE3-49S
MSE3-50SK15VK MSE3-S36

I"ISE3-407-<1S)-K MSE3-S05
MSE3-4 12-< 15)-K MSE3-504
MSE3-J 16-OSi-K MSE3-50C
MSE3-42H15H< MSE3-«t
MSE3-855-OM-K MSE3-5I3
MSE3-»01-(1S)-K MSE3-497
MSE3-S63-<15J-K MSE3-494
MS£3-425-<tS)-K MSE3-507
MSE3-8S3-(15J-KMSE3-5U
USE3-8B7 (15>K MSE3-18S
MSE3-e51-(15>-K MSE3-WO
lvXe3-i06-(15)-K MSE3-503
MS€3-W8-O5)-K MSE3-WO
US£3-I18-(1S>XMSO>SI4

MSE3-422-(1S}-K MSE3-U3
MSEi«62-<1&)-K US£3-50J
USE3-854^15)-K htS£3~C88
MSE3-«&M15>-K MSE3-5Q6
MSE 3-86Hl51-KfJSE 3^137
MSE3-1 1 7-< 1 51-K tlS£3-J8 1
USE3-859-pS>K MSE3-i99
l»tSE3-86O-<15)-K USE3-4S2
MSE3-J04^1ShK l,iSE3-5 1 0

MaUI«

liver
liver
liver
bvei
liver
liver
Irvcr
liver
bvcr
liver
bvor
iver
liver
faver
Irver
Irver
kver
bver
liver
liver
bver
liver
fever
iver
iver
iver
iver
tver
kver
Ivor
Gver
iver
ivi*
kidJluy

kidney
kidney
kidney
kidney
kidivey
kidney
ktdncy
kidney
kidney
kidney
kidney
kidney
kidney"
kidney
kidney
kidney
kidney
kidney
kidney
kidney
kidney
Wncy
kidney
kidney
kidney
kidney

kidney
kidney
taticy

8 Gi
Number

409 1
856 1
BOO 1
4U2 2
405 2
407 2
419 2
857 2
401 3

855 3
421 3
412 3
416 3
425 4
851 4
853 4
B63 4
867 4
422 5
406 5
862 5
408 5
418 5
417 6
854 6
£53 6
861 6
SG4 6
411 7
860 7
413 7
404 7
414 7
409 1
856 1
E66 1
419 2
857 2
402 2
405 2
407 2
412 3
413 3
421 3
855 3
401 3
863 4
425 4
853 4
867 4
851 -t
406 S
408 5
418 5
422 5
862 5
854 6
864 0

661 6
417 6
859 6
860- 7
4O4 7

Material
3gp Administered

Control
Conirol
Contio!
Luad ACL'laio
Lead Acctnlc
Lead Acetate
Load Acetate
Lead Acetate
Lead Acetate
Le.U AcatntK
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acc!;itu
Lead Acetate
Le;id Acetate
Tett Material 2
Test Material 2
Test Material 2
Tea Material 2
Tost Material 2
Test Material 2
Test Ma'.e.nai 2
Tesi Mateiial 2
Test Material 2
Tetf Material 2
Tesi Material 2
Test Material 2
Test Material 2
Test Material 2
Tcsl Material 2
Cuivliol
ConUol
Control
Lend Ace'uire
Lead Actiate
Le;id AUK.-CC
Lend Acertatc
Lead Acetate
Le.id Aceate
Lett Acetate
Lead Accuwe
Le.id Aceuie

Lead Acetate
Lo.id Acetate
Lead Aceuite
Lead Aceatc
Le^sl AceLite
Lead AceUif
Test hla'̂ rm 2
Test Material 2
Test Maleinl 2

Test Material 2
Test Material 2
Test Material 2
Tesl Material 2

Test Malertal 2
Test Material 2

Tesl Mareital 2
Test Matenaf 7
Tesl Material 2

Day

15
15
15

Actual Pb Ropt
BWAdj Dose Q Co

(un/Vg-d) (ug
0 < 001
0 < 0.01
0 < 001

rt0d AdjConc

§)
0 0005
0 0005
0 0.005

15 2C.43 0.030 0 0.03G
1
1

1
1
1
1
1
1
15
15
15
15
IS
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
IS
15
15
IS
15
15
15
15
15
15
15
15
15
15
15
!5
15
15
15
15
15
15
15
15

267 0054 0 O.C54
25 0.044 0 0044

Unils

ug/g
ug'g
ug/g
ug/g
ug/g

ug-'g
21 32 0.044 0 0.044 ug/g
28.98 0.033 0 0033
06.8 0.094 0 0.09J
89.23 0.087 0 0.087
83.09 0.17
7121 0.11
7698 0.14
23535 0.18
240.72 0.26
221.5 0.52
244 32 0.63
20G.5 0.36

0 017
0 0.11
0 0.14
0 0 18
0 0.26
0 0.02
0 063
0 0.36

82.31 0.036 0 0086
81.97 012 0 0.12
74.88 0.064 0 0034
fli.19 0.11 0 0.11
6654 0095 0 O.C95
231.04 0.28
252.97 022
230.04 0 32
22343 0.36
21G 018
80926 0.88
672 54 0.5
672.06 1.26
645.85 095
6S5.24 0.57
0 < 001
0 < O.Ot
0 '• 0.01
2132 002
2898 002
2643 003
26.7 0.02

0 028
0 0.22
0 0.32
0 036
0 018
0 0.88
0 0.5
0 1.26
0 0.95
C 0.57

0 O.C05
0 0005
0 0.005
0 002
0 0.02
0 003
0 0.02

25 0.034 0 0034
71.21 OCK. 0 OC95
76 9« 0.0&7 0 O.C67
83.09 0.14
89 23 O.lie.
G6.e o ca
24432 "031
21535 0.15
2215 0.31
206 5 0 26
24C.72 0.17

0 O.K
0 0.08
0 0.08
C 031
0 0.15
0 031
0 0 2'">
0 0.17

81.97 0.064 0 O.ClM

ug/g
ug/g
ug/g
ug/g
ug'g
ug/g
ug/g
uy/g

uy/ij
ug/g
ug/g
ug/g
ug/g
ug'g

ug/g
ug/g

ug/g
«g/g
ug/g

ug,g
ug/g
ug/g

ug/9
ug'g
ug/g
uur'c
UlflJ

uG-'g
ug!g

ug.'g
uy/g
1̂ ,'g
ur/g
ug.-g
ug/g
ug.'g
uui'g
ug/'j
ugy'g
ug/g
Ul̂ /fJ

uy'g
ug/S
utjy
ug'g

81.19 0078 0 0.078 ug/g
66 54 0 074 0 0074

82.31 0055 0 O.C55
Uff'9
crj;'g

7488 0.066 0 O.C€6 ug.-g
252.97 0 17
21G 0 15
223.43 0.19
231.04 0.27
230.04 0.19
67254 027
645.85 0.56

0 0.17
o a. is

ugi'g

"*-''9
0 0.10 un/9
0 OJ27
0 0.19
0 C27
0 056

uar'g
ug.'g
ua/s

cg'g
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TABLE A-5

Samplo Number Tag Number

MSE3-41H15)-KMSE3^t93
MSE3-4 1 3-< 1 5) K MSE3-4U2
MSE3-414-(15)-KMSE3-512
MSE3-866-(15)-F MSE3-515
MSE3-403-(15)-F MSE3-531
MSE3-856-(15).F MSE3-543
MSE3-t02-(15)-F MSE3-549
MSE3-!05-05)-F MSE3-518
MSE3-407-(15)-F MSE3-539
MSE3-419-(15)-F MSE3-548
MSE3-857-(15)-F MSE3-524
MSE3-42t-(15)-F MSE3-527
MSE3-416.(15)-FMSE3.526
MSE3.401-(15)-F MSE3-537
MSE3-412-(15)-F MSE3-547
MSE3-855-(15).F MSE3-533
MSE3-425-(15)-F MSE 3-534
MSE3-651.(15)-FMSE3-523
MSE3-853-(15)-F MSE3-529
MSE3-863-(15)-F MSE3-521
MSE3-867-(15)-F MSE3-541
MSE3-406-(15)-F MSE3-542
MSE 3-862-0 5)-F MSE3.538
MSE3-122-051-F MSE3-550
MSE3-408-{15)-F MSE3 S4G
MSE3-418-(15)-F MSE3-540
MSE3-II7-OS)-F MSE3-516
MSE3-8M-05H" MSE3-536
MSE3-859-05H" MSE3-545
MSE3-861-<1S>-F MSE3-522
MSE3-864-(1S)-F MSE3-520
MSE3-404-(15)-F MSE3^52i"
MSE3-414-<15)-f MS63-532
MSE3-8&H15H1 MSE3-5-.9
MSE3-4 1 1 -( 1 5)-F MSE3-528
MSES-IIS-^IS)-^ MSE 3-535
MSE3-866-(0)-B MSE3-112
MSE3-403-iO)-B MSE3-t06
MSE3-856-<0)-B MSE3-I36
MSE3-!02.|0)-B MSE3-108
«SE3-405-(0)-B MSE3-137
MSE3-407-(0>-B MSE3-107
MSE3-419-<0)-B MSE3-121
MSE3-857 )̂-B MSE3-12S
MSE3-42HOJ-B "MSE3-109
MSE 3-40 1-(0)-B MSE3-118
KSE3-J16-(0)-B MS£3-1i4
MSE3-355-(0)-B MSE3-138
MSE3-t12-|0)-B MSE3-130
MSE3-425-(0)-B MSE'.i-13l
KSE3-853-(0)-B MSE3~.1U2
l/tSEJ-eGT^O)-* MSE3-122
MSE 3-851 -<.0>-B ~MSE 3;! 13
MSE3-863-(OHJ MSE3-12G
MSE3-406-(0>-B "MSE3-I23
MSE3-40S-<0)-B MSE3-1 15
MSE3-4 1 8-(0)-B ."MSE3- 1 26
MSEi422̂ 0>B ~MSE3- \il~~
MSE3-aG2-<0)̂ B MSE3-~r.6
MSEJ~854-\0)-B MSE3^1'i7
MSE3-864^0>B MSE3-13S
MSE3-859-(0)-B MSES t̂CH
KSE3-4I7-(0>-B MSE3~t32 "
MSE3-86HO)-B" MSE3-J19 ~
HSE3-404-(0)-B "MSE3:133
MSE3~41t^O>-8 US£3~124~ "

Mat/ix

kidney
Kidney
kidney
femur
lemur
lemur
lemur
lemur
Jcinur
femur
femur
femur
femur
femur
lemur
femur
femur
femur
femur
lemur
femur
femur
femur
femur
femur
femur
lemur
femur
femur
femuf
femur
femur
femur
femur
femur
femur
Wood
blood
blood
blood
blood
blood
Wood
blood
blood
Wood
blood
blood
blood
blood
blood
Wood
blood
blood
btood
blood
btood
blood'
bbod
Stood
blood
blood
blood "
blood
Wood
blood

Number <*

411 7
413 7
414 7
865 1
409 1
856 1
402 2
405 2
407 2
419 2
857 2
421 3
416 3
401 3
412 3
855 3
425 4
851 4
853 4
863 4
8G7 4
406 5
8B2 5
422 5
408 5
418 5
417 6
854 6
859 6
861 6
804 6
404 7
414 7
800 7
411 7
413 7
866 1
409 t
656 1
402 2
405 -J.
407 2
419 2
857 2
421 3
401 3
41G 3
855 3
412 J

425 4
853 4
867 4
851 4
863 4
406 5
403 5
418 5
422 5
862 5
854 6
664 6
BS9 6
417 6
861 6
4O1 7
411 7

Material _
3UP AdmWslerod Day

Test Mateniil 2 15
Tesl Material 2 15
Tesl Material 2 15
Conuul 15
Control 15
ConUol 15
Lead Acetate 1 5
LeadAcelate 15
Lead Aculalo 15
Lead Acclalo 15
LeadAcelale 15
Lead Acetate 1 5
Lead Acetate 1 5
L ead Acetate 15
L ead Acetate 15
LeadAcetale 15
Lead Acetate 1 5
Lead Acetate 1 5
Lead Acetate 15
LeadAcetale 15
LcadAcclale 15
Test Material 2 1 5
Tesl Material 2 15
Tesl Material 2 15
Tesl Material 2 15
Tesl Male-rial 2 15
Tesl Material 2 15
Test Material 2 15
Tesl tv.ate»al 2 15
Tesl Material 2 15
Tell Maierial 2 15
Tesl Maleiial 2 15
Test Material 2 15
Tt-sl Material 2 15
Vest Material 2 15
Tesl Material ? 15
Control 0
ConUol 0
Conlrol 0
Lead Acetate 0
Lead Acetate 0
Lead Acetate 0
Lead Acetate 0
Lead Aceiate 0
Leau Acetate 0
LeadAcelale 0
Lead Ao.-l.ile 0
Lead Accln'.c 0
Lead Acclalc 0
Leatl Acetate 0
Lead Acetate 0
Lead Aceuue 0
Lead Aceiate 0
Lead Acetate 0
Tesl Material 2 0
Tesl Material 2 0
Ten Material 2 0
Tesl Material 20
Tesl Material 2 0
Tesl Material 2*0
Tesl hUterial 2 0
Test Material 2 0
TesrMa1eiia)2 0
Test Material 2 0
Tesl, Material 2 0
Tesl Material 2 0

Actual Pb
BWAdj Dose

(ug/kg-d)
80926
67206
66524
0
0
0
26.43
26.7

25
21.32
28.98
83.09
76.98
668
71.21
89.23
235.35
246.72
221.5
24432
2005
81.97
74.88
82.31
81.19
06.54
231 04
252 S7
230.U4
22343
216
64585
665.24
672.54
809.26
67206
0
0
0
27.47
2li.7
25.56
22.04
31 36
89.49
6963
7679
91.42
72.84
24787
22457
209.98
25359
259.17
89.47
80.57
67.96
83.07
7G.75
257.64
227.75
244.95
24335
227.4
64343
839.07

Reported
O Cone DL

(u9'9)
0.42 0 0
O G I 0 0
0 4 2 0 0

• ; 0 4 0 4 0
< 0.4 04 0

1 5 0 4 1
0 . 5 0 5 0
1 0.4 1
1 0.4 1
O.G 0.5 0
1 0.4 1
41 0.4 4
4.2 04 4
3.2 0.4 3
3.1 0.5 3
2.9 0.4 2
7.5 0.4 7
7.4 0.4 7
14 0.4 t
15 0.4 1
6.5 0.5 G
2.3 0.5 2
3.2 04 3
19 0.5 1
31 0.4 3
2.7 0.5 2
9.1 0.4 9
7.1 0.4 7
7.1 0.4 7
89 0.4 8
59 0.4 5
27 0.4 2
17 0.4 1
13 0.4 1
23 0.4 2
23 0.4 2
1 1 0
• 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
t 1 0
1 1 0

l 0
1 1 0
1 1 0
1 1 0

1 0.
1 1 0
1 1 0
1 1 0.
1 1 0
•• i o

1 0.
I 1 0

l 0.
i 1 0.
1 1 0.
1 1 0.

1 0
1 1 0.
i 1 0
I I 0.

*>C°™ Units
(ug/g)

42 ug/g
01 ug/g

42 ug'a
2 mj'g

'/. vig.y
5 ug.'g
5 ug;g

ug/g

ug/g
6 ug/g

«9'9
1 ug/g

2 ug/g

2 ug/g

1 ug'g
9 ug/g

5 ug/g
4 ug/g

4 ug/g

5 ug/g

5 ug/g

3 ug;g

2 ug'g
9 u9''9
1 ug/g

7 ^9^9
1 ug/g

1 ug/g
1 ug/g

9 uy/g

9 ug/g
r ug/g

' "3'g
J ug/g

3 ugvij
J ug/Q
5 -jg/dl
5 uy/dL
5 ug/dl_
5 ug/dL
5 ug/dL
5 ug/dL
5 ug/dL
5 ug/dL
5 ug/dL
5 ug/dL
5 uy/dL
5 ug/dL.
5 ug/dL
5 ug/dL
5 ug'dL
5 ug/dL
5 ug/dL
5 'jg/dL
5 ug/dL
5 ug/dL
5 ug/dl_
5 ug/dL
5 og-'dL
5 ug/dL
5 ug/dL
5 ug/dL.
5 ug/dL
5 ug/dL
5 ug/dL
> uQj'dL
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TABLE A-5

Sample Number

MSE3-413-(OhB
MSE3-414-(0)-B
MSC3-860-(0)-B
MSE3-866-(1)-B
MSE3-856-(1)-B
MSE3-409-01-B
MSE3-102-(1)-B
MSE3-407-(1)-B
MSE3-419-\1}-B
MSE3-857-(1)-B
MSE3-40S-(1)-B
MSE3-855-(1)-B
MSE3-JQ1-(1)-B
MSE3-412-(1)-B
MSE3-416-(1>-B
MSE3->21-(1)-B
MSE 3-867-( 1)-B
MSE3-8li3-(1)-B
MSE3-BS3-<n-B
MSE3-425-(1)-B
USE3-851-(1)-B
MSE3-4Q6-(I)-B
MSE3-408-(1)-B
MSE3-422-UV-B
MSE3-418-(1)-B
MSE3-862-(1r-B
USE3-417.<1)-B
MSe3-854 l̂)-B
MSE3-B59-f1)-B
MSE3-8t1-(1)-B
MSE3-8frHU-B
MSE3-ebCH1>-&
MSC3-404-<11-B
USE3-411-(1)-B
MSE3-413-(I>-B
MSE3-414-(t)-B
MSE3-40S-(2>-B
MS£3-056-(2)-B
US63-866-(2^B
USE3-419^2>-B
MSe3-6S7^2HB
MSE3-405-<2>-B
MSE3^402-(2,-B
MSE3-4C7-<2t-B
MSE3-416-(2)-B
MSE3-WH2H3
MSE3-t21-(2)-B
MSE3-fl5M2)-B
USej4l?-(2>-B
MSE3-eS3-(21-B
USE3-CG3-<2}-B
MSE3-«SH2>-B
MSeiM25-"(2; 8
WtS63-687-<2>-B
MSE3-406-<2>B
MSE3-408-(2>-B
MSE3-»13-(2r-B
MSei-»22-(2>-B
Mse3-662^B
USE3-8G1-(2>-fl
MSE3-6&M2J-B
f.»SE3-85 -̂(2>-B
MSE3-417H2V-B
MSE3-859-<2>-B
MSE3-«W-(2)-B
USE3-41M2J-B

Tag Number

MSE3-127
MSE3-134
MSE3-105
MSE3-156
MSE3-176
MSE3-165
MSE3-163
MSE3-K8
MSE3-171
MSE3-1G7
MSE3-140
MSE3-166
MSE3-M5
MSE3-174
MSE3-170
MSE3-157
MSE3-152
MSE3-158
MSE3-I72
MSE3-173
MSE3-155
MSE3-147
MSE3-160
MSE3-149
MSE^Ko
MSEJ-159
MSE3-169
MSE3-I4I
MSE3-1S4
MSE3-164
MSE3-163
MSE3-161
MSE3-151
MSE3-U4
MSE3-142
MSE3-1SO"
MSE3-200
MSEJ-'lW
MSEJ-207
r><SE3-197
MSE3-188
MSE3-205
MSE3-169
MSE3-195
^E3-201
MSE3-"l79
MSE3-202
MSE3-210
MSE3^214"
MS6J-209
MSE3-158
MSE3-186
MSE3-192
MSEJ-203
MSE3-191
fcASEl-190
MSE3-187
MSE3-177
MSE3-193
MSE3-212
MSE3-211
MSEJ-19G
MSE3-16S
MSE3-199
MSE3-I82
MSE3-173

Matrix

blood
blood
blood
blood
blued
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
Wood
blood
blood
ijlood
blood
blood
blood
blood
blood
blood
blood
blood
blood
Mood
blood
blood
blood
blood
blood
blood
blood
Uiood
bicod
blood
blood
blood
btooO
blood
blood
bloud
blood
btood
blood
blood
ttood
Weed
blood
blood
blood
blcod
blood
blood
blood
blood
blood
blood
blood
blcod
blcod

Pi° G«
Number

413 1
414 7
8M 7
e&e 1
850 1
<09 1
•102 2
.107 2
419 2
&57 2
405 2
855 3
401 3
412 3
41b 3
•121 3
867 1
863 4
853 4
425 4
851 4
406 5
406 5
422 5
418 5
662 5
417 6
85J 6
859 6
861 6
864 6
860 7
404 7
411 7
413 7
414 7
409 1
856 1
666 1
419 2
857 2
405 2
402 2
407 2
416 3
401 3
421 3
8S5 3
412 3
853 ~
863 •:
tt51 •*
425 *
667 4
406 5
408 5
418 S
422 5
8O2 5
861 6
8&4 C
854 6
417 6
859 0
4{W 7
411 7

Material
Admmistorcd

Tosi Maloii.ll 2
Tosi. Material 2
Tesi Male'inl 2
Ccr.uol
Coimol
Control
Lead Acetate
Lead Acelalo
Lead Acot.ilc
Lend Acolalo
Lead Acetate
Lead Acetate
Lead Acetate
Lend Accl.ile
Lend Acetate
Lead Acetate
Load <\cetaic
Lead A(x>t;Kc
Lead Acelale
Lead Acelate
Lead Acetate
TestMaleiial2
Test Matcfial 2
n'esl Material 2
Teal Material 2
lest Maloiuil 2
Test Ualeti.il 2
Test Material 2
Test Mateitai 2
TcstM.iteiiai2
Tost Malciial 2
TesJ Material 2
Test Material 2
Tcy Material 2
Tosi Maicii.il 2
Test k1ati3ti.il 2
CoiUiol
Coiiuol
Conuoi
Le.-xi Acetate
Lead Acetate
Lead Acetate
Lead Accla:e
Lc.ttJ Acetate
Lead Acelale
LeiKi Acetate
Leiid AceLTj>
LC;K) Acetate
Le:id AceUite
Lead Acetate
Lend Aceiau;
Le^id Acelate
Lear) Accfaa:
LeiaJ Acetate
Test Mateiial 2
Test Material 2 .
Te^t Material 2
Test Material ?
Test Material 2 :
Test Maleri.il 2 ;
Test Material 2:
Test Material 2 .
Test Material 2
Tea Material 2
Test Maleri.il 2 .
Tea Material 2 .

Actual Pb Reported
Day BWAdjDose Q Cone

(ug/kg-d) (ug/g)
) H79.99 < 1
J 707.1 < 1
D 700.89 < 1
1 0 < 1
! 0 •: 1
1 0 < 1
1 26.66
1 24 95 <

21 36 '•
2U.8S <
2623 <
89.06 < 1
07 25 < \
CO US * 1
7564 < 1
86.27 ' 1
204 76 2
247.5 2
2I8.G1 3.4
239.59 1
248.25
B643
83.46
82.94
66 44
75.13
234.92
253.7 2
23566 1
22067 1
220 35 2
683.87 3
62576 2
847.27 < 1
601 2 6
6*3.87 4

2 0 1
J 0 1
Z 0 1
I 20.76 1
I 28.48 1
2 25.78 1
! 2i>.89 1
2 24 02 1
i 7451 1
2 65.04 1
2 6328 1
Z 8682 1
I 67.17 1
? 212.97 3J
2 236.83 68
2 243.12 1
t 231.84 2
i 199.8 2
? 8359 < 1
! 8057 •; 1
J 6498 < 1

82.81 '• 1
73.57 1
21433 3

2 213-41 2
? 249.87 2
2 22705 1
? 227 05 2
I C09.05 3.8
'. 8K.13 3

DL **C°?C 1 UniK(ug'g)
0.5 ixj'dL
0.5 ug/dL
0.5 ug'dl
0 5 ug'dL
0 5 uo'dL
0 5 ug-'dL
0.5 ug/dL
0.5 uy'dL
0 5 ug'dL
0.5 ug'OL
0.5 ug/dL
0.5 ug/'dL
0.5 uy/dl
0.5 ug'UL
0 5 ug.-'dL
0.5 uy'dL
2 ug.'iJL
2 iis'tJL
3.4 ug'dL
1 uJ-'dL
1 ug/dL
0.5 mj'dL
0 5 ug.'dt
0.5 ug.'dL
0.5 ug/dL
0.5 vxydL
0.5 ug/dL
2 ug/dL
1 ugyol
1 ug/dL
2 ug/dL
3 ug/cO.
2 ug/dL
0.5 ug/dL
6 ug/dL
4 'jg-'dL
0.5 u-j'dL
0.5 ug«JL
0.5 ugfol
0 5 ug'dL
0.5 ug'dL
0.5 ug/dL
0.5 ug/dL
05 ug'dL
0.5 ugi'dL
0.5 ug;'dL
0.5 ug/dL
O.S uĝ dL
05 ug.'dl
3.4 u -̂'dL
6 3 irg/dL
1 ug/dL
2 ug/dL
2 ug/dL
05 ug.'Ol.
0.5 ug/<JL
0.5 ug/UL
0 5 ug'dL
1 ug/dL
3 ug/dL
2 U9WL
2 ug.'dl.
I ug,'dL
2 t/J.'dl_
3.8 ug/dl.
3 ug'oT.
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TABLE A-5

Sample Number

MSE3-413-(2)-8
MS£3-414-(2)-B
MSE3-B60-l2)-B
M5E3-409-(3)-B
MSE3-856-(3)-B
MSE3-866-(3| B
MSE3-»07-(3)-B
WSE3-419-(3>-B
MSE3-402.(3>-B
MSE3-405-(3>-B
MSE3-B57-(3)-B
MSE3-401-(3>-B
MSE3-412-{3>-B
MSE3-416-(3)-B
WSE3-121-I3I-B
MSE3-B55-(3t.~B
MSE3-651-(3)-B
MSE3-425-(3)-B
MSE3-867-(3>-B
MSE3-863-(3)-B
MSE3-8S3-(3>-B
MSE3-862-(3>-B
MSE3~406-(3,-B
MSE3-l08-(3)-8
MSE3-418-(3V-B
MSE3-422-(3>-e
MSE3-654-(3)-B
fctSE3-859-<3)-B
MSE3-B6l-(.3>-U
USE3-864-(3)-B
MSE3~117-<31-B
MSE3-413-<3)-B
WSE3-l14-<3l-B
MSE3-8GO-<3,-B
MSEJ-l04-(3)-B
WSE3-41H3)-a
MSE3-40SM51-B
MSES4i56-(5r-8
MSE3-866-<5)-B
HSE3-402-(5)-B
MSEl̂ OS-fSl-B
MS£3-407-\5^-B
MSE3-419H5J-B
MSE3-£57^5>-B
PriS£3-i16-(5)-B
MSE3-421-(SVB
MSE3-J12-(5^B
WSE3-401-(5f-B
MSeiiS5^S)-8
MS£3-42S-<5i-6
MSE3-8S1-(5)-8
MSE3-853-(5r-B
MSE J-88W5VB '
MSE3-807-(5)-B
USEl-4a6-(S>-B
MSE3-)08-(5}-e
MSE3^418H5hB
MSE3-422-(5y-B
USE3-802-(5>B
MSE3-864-ISFB
MS£3-854-<S)-8
MSEJ-fl6H5)-B
MSE3-a5SHSr-8
MSE3-417-{51-B
US£3-404-(5>-B
MS£3^41H5f-8

Tag Number

MSE3-206
MSE 3- 194
MSE3204
MSE3-247
MSE3-243
MSE3-230
MSE3-225
MSE3-240
MSE3-220
MSE3-237
MSE3-233
MSE3-23G
MSE3-231
MSE 3-232
MSE3-217
MSE3-226
MSE3-244
MSE3-23S
MSE3-238
MSE3-242
MSE3-246
MSE3-222
MSE1-223
MSE3-241
kASEJ-239
MSE3-229
MSE 3-251
MSE3-245
MSE3-216
MSE3-228
MSE3-252
MSE3-215
MSE3-24B
MSE3-224
MSE3-221
USZ3-2X
MSE3-255
WSE3-276
MSE 3-267
MSE3-290
MSE3-270'
MSE3-2T&
MSE3-257
MSE3-"277
MSE3-280
MSE 3- 263
MSE3-260
USE3-259
MSE3^285
MSE3-Z65
MSE3-261
MSE3-2S6
MSE3-254
(USE3-272
HSE3-279
MSE 3-271
MSE3-258
MSEi264
f>1SEJ-2Se
MSE3-266
MSE 3-2 73
USE3-2E6
MSE3-263
MSE3-274
USE3-283
USE3-261

Matrix

blcod
blood
blood
blood
blood
blood
blood
blood
blood
blood
Mood
blood
blood
blood
blood
blood
blood
blood
blood
bteod
blood
blood
blood
blood
blood
blood
blcod
blood
bfcod
blood
blood
bbod
Uood
blood
blood
btood
blood
blood
blood
blood
blood
blood
blood
blood
blcod
blood
blood
blood
blood
blcod
blood
blood
Mood'
blocxJ
bicoo
blood
blood
blcod
blood
btood
blcod
blcod
blcod
btood
Uood
Wood

Number Gr

413 7
414 7
860 7
409 1
856 1
8C6 1
407 2
419 2
402 2
405 2
857 2
401 3
412 3
416 3
4?1 3
855 3
851 t
425 4
607 4
863 4
853 4
8G2 5
406 5
408 5
418 5
422 5
854 6
859 6
861 6
BG4 6
417 C
413 7
414 7
EGO 7
404 7
411 7
409 1
656 1
8GG 1
402 2
405 2
407 2
419 2
857 2
416 3
421 3
412 3
401 3
855 3
425 4
651 4
853 4
BC3 t.
867 4
406 5
408 5
418 5
422 5
£C2 5
864 6
054 6
SGI C
559 6
417 6
4O4 7
411 7

, Actual Pb Reported

*"> Adm t̂oed Day B!u
A£D

d')
Se ° ^

Tesl Material 2 2 643.43 7.1
Tesl Material 2 2 662.12 5
Tost Material 2 2 GC7 66 3.3
Control 3 0 1
Control 3 0
Control 3 0
Lead Aceiate 3 25.62
Lead Aceiaie 3 22 08
Lead Acelaie 3 27.75
Lead Acetate 3 27 79
Lead Aceiate 3 3047
Lead Acelaie 3 69.31
Lead Aceiate 3 72.05
Lead Acelaie 3 ?9.7'J
Lead Acelaie 3 87.83
Lead Acelaie 3 93.28 2
Lead Aceiate 3 255 38 1
Lead Acetate 3 246 94 3
LcadAcetaio 1 21217 3
Lead Acetate 3 252.86 3 1
Lead Acetate 3 2278 4.4
Tesl Material 2 3 76.31 2
Tesl Material 2 3 S5.73 < 1
Test Material 23 83 59 < 1
Tesl Material 2 3 67.53 < 1
Test Material 2 3 £5 47 < I
Tost Material 2 3 264.71 2
Test Material 2 3 240.76 3 4
Test Material 2 3 22887 3.1
Test Material 23 225 06 2
Test Material 2 3 240.7C 2
Test Material 23 669.34 6.2
Test Material 2 3 69a.l6 73
Test Material 23 701 93 4.5
Test Material 2 3 655.9G 3.4
Test Material 2 3 86061 3
Conuol 5 O •: 1
Control 5 0 • ; 1
Control 5 0 < 1
Lead Acclase S 2t> 63 < l
Lead Acetate 5 2695 1
Lead Acetate 5 2435 < 1
Lead Aceiaie 5 20.86 < 1
Lend Aceiaie 5 29 1 1 < 1
Lead Acetate 5 7713 33
Lead Acetate 5 8253 3
Lend Acetate 5 09 88 2
Lead Aceiate 5 6041 3.1
Lead Acetate 5 90.75 3
Lead Acetaie 5 237.14 4
Lead Acetate 5 239 04 4
Lead Acetate 5 22052 5.3
Lead Acetate 5 24392 6.5
Lead Acetate 5 20250 4.1
Tesl Maierial 2 5 79.73 3
Tesl Material 2 5 79.39 2
Tesl Material 2 5 64.32 2
Test Material 2 5 80 4 1
Test Material 25 72.42 3
Test Material 2 5 212.12 35
Test Material 2 5 25158 4.3
fcsl Material 2 5 220.78 4.8
Test Material 2 5 229.19 4.3
Test Material 2 5 229.19 5 1
Tesl Material 2 5 643 G
Test Material 2 5 83Q.67 5.9

DL (ug/g)
1 7.1
i 5
1 33
1 0.5
1 05

05
0.5
0.5
0.5
Oi
05
2
1
1
1

2
1
3
3
3.1
4.4
2
0.5
05
0.5
0.5
2
3.4
3 1
2
2
6.2
7.3
4 5
3.4
3
05
0.5
0.5
OS
1

0.5
0.5
0.5
3.3
3
2
1.1
3
4

4

53
6.5
4.1
3
7
2
1
3
3.5
43
43
4.3
5.1
6
59

Units

ug/dL
iio/dL
ucVdL
iRjiiJL
ugVdL
ug'dL
ugfdL
ug,'dL
ug'dL
ug'dL
ugJdL
ug/ul
ug/dL
ug/dL
ug'dL
ugML
ugi'dL
ug-'dL
ugydL
ug/dL
ugWL
LK>'dL

LKJ/dL

ug'dL
ug'dL
û 'dL
ugAIL
ug-'dL
ug'dL
ugidL
ug.'dL
UCy'dL

ugfdL
USAfl.
ug'dL
ugrtll-
ugfdL
uc/dL
ug/dL
urj.'dL
ug/dL
•ĵ tjL
ug.'dL
ugrcl
ug/dL
ug/dL
ug/dL
ugAJl.
ug>dl
u8.'dL
ug.'rJL
uc-dL
UQjdl

ug/'ciL
ug/dL
U5kfl_
IK ĴL

ug/dL
ug/dL
u&'dl.
J&'dl-
iz^dL
og.ya_
u '̂tfl.
ur}«L
uĝ a.
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TABLE A-5

Sample Number

MSE3-413K5)-B
MSE3-414-(5)-8
MSE3-360-(5i-B
MSE3-409-(7)-8
MSE3-856-(7)-B
MSE3-866-(7)-B
MSE3-402-{7)-B
MSE3-405-{7)-B
MSE3-407-(7)-8
MSE3-419-(7)-B
MSE3-857-(7|-B
MSE3-)l6-(7)-B
USE3-421-(7)-B
USE3-40H7HB
MSE3-4I2-[7j-B
MSE3-855-(7)-B
MSE3-425-(7)-B
MSE3-851-(7)-B
MSE3-853.(7)-B
MSE3-eS3-(7)-B
MSE3-867 (7)-B
MSE3-408-(7)-B
MSE3-6G2-<7).B
MSE3-418-UJ-B
MSE3-406-(7)-B
MSE3-!22-(7)-G
MSE3-417-(7)-B
MSE3-3S4-(7)-B
MSE3-853-(7)-B
MSE3-861-{7j-B
MSE3^864-(T)-B
US£3-86a-<7)-B
MSE3-ttl^r)-B
MSE3-413-(7)-B
MSE3-414-(7)-B
MSE3-404-{7>-B
MSE3-856-(9)-e
MSE3 ee&i9i-B
MSE3-409-(9)-B
MSE3-407-{9)-B
v.sE3-4i9-(9hB
MSE3-)05-{9)-e
MSEJ-402-(9rB
MSE 3-857 -<9)-8
MSE 3-40 H9)-B
MSE3-4l2-<9)-B
MSE3-»l6-(9(-B
MSE3-42M9r-B
USE3-85S (9)-8
USE3-851-(9)-B
MSE3-8G7-(9t-B
MSE3.42S-(9)-B
MSE3-853-(9)-B
IASE3-863-<9)-B
MSE3-406-<9)-B
MSE3-408-(9J-B
MSE3J18-l9r-B
MSE3-422-(9)-B
MSE3^862-{9):e"
blSE3-854-(9)-8
MSE3-e64H9)-6
MSE3-859-(9)-e
MSE3-417-<9}-B
MSE3-861-<9>-B
MSE3-404-;9)-B
fclSE3-i!H3)-B

Tag Number

MSE3-282
MSE3-287
MSE32G2
MSE 3-319
MSE3-321
MSE3-327
MSE3-322
MSE3-233
MSE3-302
MSE 3-305
MSE 3-3 16
MSE3-311
MSE3-313
MSE 3-312
MSE 3-323
MSE 3-297
MSE3-315
MSE 3-326
MSE 3-299
MSE3-3H
MSE 3-326
MSE3-324
MSE3-308
MSE 3- 298
MSE 3-294
MSE3-"295
MSE3-291
MSE3-309
MSE 3-300
MSE3-304
MSE3-2%
MSE3-301
MSE 3-325
MSE3-303
MSE 3-306
MSE J- 292
MS63-344
MSE 3-330
MSE 3-303
MSE3-357
MSE3-355
MSE 3^ 336
USCi-34l"
MSE3-365
MSE 3-353
MSE3-3GO
(.(SEJ-333
MSE^JSO"
MSE 3- 338"
MSE 3- 335
MSE 3- 356
MSE 3-331
MSE3-343
MS63-349
MSE 1- 362
MSE 3-354
MSE 3-364

MSE3-3-S8
MSE3-339
MSE 3-359
MSE3-358
MSE3-347
MSE 3-352
MSE 3-337"
MSE 3- 345
MSE 3-346

Matrix

blood
blood
blood
blood
Wood
blood
DlOOCl

btood
btood
blood
blood
bloud
blood
blood
blood
btood
blood
blood
btood
Wood
blood
blood
blood
btood
blood
blood
blood
btoud
blood
biood
blood
Wood
blood
btood
blood
blood
btood
btood
[food
blood
btooo
blood
btood
btood
Wood
Wood
blood
blood
blood
blood
blood
blood
ctooo
Wood
btood
btood
blood
btood
btood
btood
blood
btood
blood
blood
blood
btood

P«9
Number w

413 7
414 7
860 7
409 1
8S6 1
8CG 1
402 2
405 2
407 2
413 2
857 2
416 3
421 3
•101 3
412 3
855 3
425 4
851 4
853 4
661 4
867 4
408 5
B62 5
418 5
406 5
422 5
417 C
854 G
859 6
861 6
864 6
860 7
411 7
413 7
414 7
4M 1
856 1
866 1
409 1
407 2
419 2
4U& 2
402 2
857 2
401 3
412 3
410 3
421 3
855 3
851 4
867 4
425 4
853 4
663 4
406 5
403 5
418 5
422 5
E62 5
854 S
864 6
VX> 6
417 6
861 6
404 7
411 7

Material
Administered

lesl WnioM.il 2
lest Material 2
Test M.ilotial 2
Control
Control
Cor.lral
Load Acelalc
Lead Acetate
Lead Acetate
Lead Acetate
Load Acclale
Lead Atnl.ile
Lead Acctolo
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acclolo
Lead Aceuilo
Lead Acclale
Lead Acetate
Lead Acetate
Tesi Material 2
Test Maicn.il 2
1 cit Material 2
Test k!.-ileiial 2
Tesl Material 2
Test Maler&l 2
T est Material 2
Tcslhlaloiial2
Tesl kUilcn.il 2
Test Material 2
Tesl Material 2
Test Wjtennl 2
Test Material 2
Icjl Material 2
Yesl Material 2
Control
Control
Conljol
Lead Acelato
Lead Acetate
Lead Accuie
Lead Acetate
Lead Acetaia
Lead Acciate
Lead Acetate
Lc£d Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Accuitu
Lead Acetate
Lead Acetate
Lead Acetate

Actual Pb Rep
Day BWAdjDose Q C<

(uoAg-d) (u
0 G70.31 (J2
5 65701 86
5 G57G1 57
7 0 < 1
7 0 < 1
7 0 < 1
7 26,-tr, f 1
7 26.63 2
7 24.98 < 1
7 21 3 -: 1
7 28. S8 1
7 7889 49
7 83.55 3
7 GG.D3 3
7 7201 3
7 90.71 37
7 230.08 5.2
7 245 19 5.1
7 223.63 7
7 245.5 6.7
7 206 67 3.8
7 61.44 2
7 75.74 3
7 UG 36 35
7 81.76 3.2
7 82.64 2
7 22741 5.4
7 251.44 4.3
7 229.82 5.3
7 224.77 4.9
7 214.77 5.5
7 666.54 8 4
7 817.18 7.S
7 678.81 8.3
7 60335 S6
7 652.39 8
9 0 < 1
9 0 < I
9 0 '1
9 25.69
9 21.84 1
9 27.17 < 1
9 26.81 •: 1
a 20.3 1
a 07.43 3
9 73 24 33
9 79.19 4.8
9 8352 3.1
9 9036 3
9 2-13.7 5.G
9 211.01 5
9 237.78 4.S
9 226.95 66
9 248.18 10

Test Material 2 9 82 51 3
Test Material 2 9 823 3
Ter.1 Material 2 9 07.82 3
Test Material 2
Tesl Material 2

9 8377 2
9 7711 3.7

Te=l Material 2 9 25804 55
Te.il Material 2 9 220.49 45
Tesl Material 2 9 233.83 5.6
Test Material 2 9 233.83 56
Test Material 2 D 231.83 6.7
Tesl Material 2 9 666.98 9.4
Te:;t tfcltcna! 2 9 81723 9.3

orted „, AdjConc ,, .
" °L (ug« Un"=)'g)

1 6.2 ug/dL
1 S 5 ug/dl

5.7 ug/dL
0.5 ug/OL
0 5 iigA]L
0.5 iJ.j'et.
0.5 ugWL
2 »g;oL
0 5 ug;oL
0.5 ugWL
1 ug/dL
4.9 ug/JL
3 ug/dL
3 ug'dL
3 ug/dL
3.7 ugftJL
5 2 iKJ'UL
0.1 ug'dL
7 -.ig/cL
G 1 ug>'dL
3 8 ug/dL

i 2 ug'dl.
1 3 ug;dL
1 3.5 ugj'dL
1 3 2 ug'dL
1 2 ug'dL
1 5.4 ixt'dt
1 4 3 u '̂dL
1 5 3 ug/dL
1 4 9 ug'UL
1 55 ug'dL
1 8 4 ug-'dL
1 7.6 ug/<IL
1 8.8 ugAfl.
I 9 B og'dL
1 8 ixv'dL
1 0.5 uojOL
1 05 ugAJL
1 03 ug/CL
1 1 ug.'dL
I 1 ug'CL
1 0 5 ug-'dL
1 0.5 ug/dL
I I ug/oL
i 3 ugXiL
1 3.3 uq/OL
1 4 8 ugJdL
1 3. 1 ug/dL
1 3 uQ.dL
t 5.3 uy/tiL
1 5 ug/OL
1 4 5 '->9/OL
I 6 6 ug/dL
1 10 ug'dL

3 -jg-dL
1 3 ug.dL
1 3 -jgr'OL
1 2 iig'dL

3.7 ucj.'dL
t 5.5 ug/CL
I 4.5 og;dL
1 5 6 ug.XlL
1 56 ugAiL
1 li.7 ug.'dL
1 9.4 -J5*il
I 9.3 ugAfl.
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TABLE A-5

Sample Number Tag Number

MSE3-413-(9)-B MSE3-334
MSE3-414(<3)B MSE3-340
MSE3-860-<9)-B MSE3-329
MSE3-856-02I-B MSE 3-367
MSE3-409-(12)-BMSE3-3e9
MSE3-866-(12)-B MSE3-378
MSE3-405-(12)-B MSE3-372
MSE3-857-(12)-B MSE3-381
MSE3-407-<12)-BMSE3-396
MSE3-102-(12)-B MSE3-100
MSE 3-41 9-' 12)-B MSE 3-394
MSE3-416-(12)-BMSE3-368
MSE3-401-(12)-B"MSE3-401
MSE3-412-(12)-B MSE3-104
MSE3-421-(12)-B MSE3-375
MSE3-8S5-(12)-B MSE3-395
MSE3-i25-(12)-B MSE3-377
MSE3-851-(12)-B MSE3-385
MSE3-867.(12)-B MSE3-384
MSE 3-853-<12)-B MSE 3-369
MSE3-863-(12)-B MSE3-393
MSE3-406-C 12}-B MSE3-370
MSE3-408-(12)-B MSE3-376
MSE3-4l8-<12)-8 MSE3-3E2
MSE3-t22-<12l-B~MSE3-3S2
MSE3-S62-<12}-B MSE3-386
MSE3-854-< 1 2)-B~MSE 3-390
MSE3^864-(12^B MSE3^383
MSE3-859-<12)-B MSE3-391
MSE3-«17-<12)-B MSE3-402
htSE3-861-(12)-B USE3-379
MSE3-404-<12)-B MSE3-374
MSE3-4ll-(12)-B MSE3-397
MSE3-413-<12)-B USE 3- 387
USE3-«14-<l2)-B'MSE3-398
MSE3-860-|12)-B MSEj'390
MSE3-866H15)-B MSE3-440
MSE3-409-<15}-B MSE3-4Q7
MSE3-856-< 1 5} B MSE3-428
MSE3-407 -( 1 5)-B MSE3-433
KSE3-4I9H15VB MSE 3-428
MSE3-857-<l5)-e\lSe3-4lS "
MS£3-405-<15J-B MSE3-431
MSE 3-402 -<I5)-B MSE3-I 19
MSE 3-«OHlS)-fl MSE 3-409
MSE3-42H15)-B MSE3-422
KSE3-85S^15)-0 MSE3-418
MSE3-4i2^(15HB MSE3^420
MSE3-« 16-< 1 5)-B~MSE J-W&
MSE3-86\-<lS)-B MSE3-434
MSE3-42S-t15)-B MSE 3-406
MSE f̂iS l̂StB MSEW12
MSE3-86JK151-B MSE3-429
MSE3-667-(15)-B MSE3-437
>ASE3-*62-4,15>-B MSE3-1 16
MSE3^408-115):B MSEWU
MSE3-4 1 M 1 5)-6 MSE3-430
MSE3-422-(-.5]rB'MSE3r427
MSE3^403-{t5)-3 MSE>426
MSE3-BS4S 1 5>B*MSE3-44 1
MSE3-eS9-( l5hfl"MSE3:425
KSE3-86H15HJ MSE3^423
MSE3-864-(15^B MSE3^424
MSE3-117H15V-B MSE3-135
MSE3-40H 15)-B USE 3-436
I.SSE3-411-(15^B MSE 3-413

Matrix

blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
blood
btood
blood
blood
blood
blood
blood
blood
btood
blood
blood
blood
btood
blood
btood
blood
btood
blood
btood
btood
Wood
btood
btood'
btood
blood
btood
blood
btood
blood
btood
btood
btood
btood__
btood
btood
blood
blood
btood "
blood
btood"
btood
btood
btood"
btood
btood
btooxl
btood

PinK19 Qf,
Number

413 7
414 7
8GO 7
S56 1
409 1
666 1
405 2
857 2
407 2
402 2
413 2
416 3
401 3
412 3
421 3
855 3
425 4
851 4
867 4
853 4
863 4
406 5
408 5
418 5
422 5
802 5
854 6
864 G
859 6
417 B
861 6
404 7
411 7
413 7
414 7
860 7
866 1
409 1
856 1
407 2
419 2
857 2
405 2
402 2
401 3
421 3
855 3
412 3
416 3
851 4
425 4
853 4
863 4
8S7 4
862 5
408 5
416 5
422 5
406 5
854 6
8S9 6
861 6
864 6 "
417 6
404 7
411 7

Material
>Uf> Administered

Test Material 2
Test Material 2
Test Material 2
Conli ol
Corurol
Conlrol
Luad Acetate
Lead Acetate
Load Acclato
Lead Acetale
Lead Acetate
Load Acetale
Load Acetate
Lead Acelale
Leail Acetate
Lead Acclato
Lead Acelale
Lead Acetate
Lead Acetate
Lead Acetate
Luad Acetate
Test Material 2
Test Malciial 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Tesi M.iieiia] 2
Conuoi
Conuol
Coi'itiol
Lead Acciate
Lead AccLiie
Lead Acetate
Lead Acetate
Lead Acelale
Leau Acetate
Lead Acetate
Lead Aceuile
Lead Acelale
Lead Acciate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
LeJd Acetate
T«l Material 2
Tcsl Material 2
Test Material 2
Ten Mater «l 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Teil Material 2
Test Material 2

Day

9
fj
9
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
l?
15
15
15
15
15
15
15
15
IS
15
IS
IS
IS
15
15
15
15
15
15
15
15
IS
15
15
15
15
15
15
15
15

Actual Pb Reportoc
BWAdj Dose Q Cone

(ug/kg-d) (ug/g)
695.03 9.5
674.54 8.6
683.84 7 .-i
0 < 1
0 < 1
0 < 1
2743 2
28.85 2
25.74 1
26.62 1
21.82 2
77.79 5 7
07.9 3.3
73.64 5
82.16 3.9
89 39 3.2
235.32 5
252.70 6.8
212.53 5.5
226.19 6.3
240.03 0 7
8128 33
81 65 2
68.87 3 4
83.56 3
76.32 3.0
25763 5.7
218.41 3.9
229.88 6.1
235.67 6.7
229.11 7
66731 'J6
789.15 96
687.25 10
665.03 1 1
684.33 8 7
0 < 1
0 < 1
0 < 1
25 1
2132 1
28.98 1
26.7 2
26.43 < 1
66.8 3
83.09 4.6
85.23 2
71.21 36
76.98 6 5
240.72 6
235.35 5 5
221.5 7.9
244.32 10
206.5 68
74fJ8 4
81.19 4
6S.54 ' 59
82.31 3.4
81.97 3.6
252.97 62
230.04 6.3
223.43 7.2
216 4.4
231.04 5.7
R4585 10
809.26 10

.

01 (ufl/g)0 Unite

l 9 5 ug.'dL
1 8.6 ijg.'dL
1 7 0 ug'cIL
1 0 5 ug/dL
1 0.5 ug/dL
1 0 5 ugJdL
1 2 ug/dL
1 2 ug/dL
1 1 ug.'dL
1 1 ug.'dL
1 2 ug/dL
1 5.7 ug/dL
1 3.3 ug/dL
1 5 inj.'dL
1 3 9 ug.'dL
1 3 2 ug/dL
1 5 ugldL
1 6 8 ug.'dL
1 5.5 ug.'dL
l 6.9 ugidL
1 9.7 ug.'dL
1 3 3 ug/dL
1 2 ug.'UL
1 3 4 ug.'dL
1 3 ug/dL
t 3. a ugML
1 5.7 ug.'dL
1 3 9 ug.'dL
1 6.1 ug/dL
1 6.7 ug/dL
1 T ug/dL
I 9.6 ugvdL
1 9.6 ug.'dL
1 10 ug/HL
1 1 1 us/dL
1 8.7 ug/dL
1 0 5 ug<UL
1 0.5 ug,'dL
1 0.5 ugldL
1 i ugWL
1 1 ugAlL
1 1 urjVdL
1 2 ug/OL
1 0.5 ug.'aL
1 3 ucJdL
1 4.6 ug.'dL
l 2 ugydL
1 3.6 ucAJL
1 6.5 ug.\iL
1 G ug.aL
i 5 5 ug/dL
1 7.9 ugWL
1 10 ug.'dL
1 6 8 ugj'dL
1 4 ugidL
1 4 ug/dL
) 5.9 ug/dL
1 34 ug/dL
1 36 ug/dL
1 6.2 ug/dL
1 6 3 ug/dL
1 7 2 ug/dL
1 4 4 uc/dL
1 5.7 ug/dL
1 10 urj/dL
1 10 ug/dL
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TABLE A-5

Sample Number Tag Number Matrix
Pig

Number
Group

Material
Administered

Day
Actual Pb

BWAdj Dose
(ug/kg-d)

Q
Reported

Cone
(ug/g)

DL
AdjConc

(ug/g)
Units

MSE3-8GO-(15)-BMSE3J21 blood 860 7 lost Material 2 15 672.54 8 1 B ug'tIL
MSE3-413-(1i)-BMSE3.-M blood 413 7 lust Material 2 15 672.06 iU 1 10 utj/dL
MSE3-414-J15I-BMSE3-410 blood JU 7 los! M.lleiial 2 15 665.24 10 1 10 ucv'dL

Actual BW Adj Dose. Values presented arc lor ivJividiia! dosing Onys only: nvcrayc dosus over ihc couiso o( ihu study arc picsontcd m
Table A-3. as well .is TaLIc 2-1 m ihe m.iin text.
Reported Cone: Accounts lor all dilutions in sample pierjaiau»n and analysis
AdjConc (Adjusted Concen'.ialion). Non-detacls evaluated al 1/2 the quantiintion limit (DL>
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TABLE A-6

LEAD ANALYTICAL RESULTS FOR QUALITY ASSURANCE SAMPLES

Laboratory Control S

OC Std 10 OC Sid Cone

COC2*>» \JuyL
CDC J*M (1 itfj-L
CDC 2r-i i uij L
COC 7/w !> uy.L
cue JIM !> ^oL
CDC O'JD B p(j.L
CDC COO B HJJ.L
COC C90 8 p!) L
COC G90 H uy-l.
CDC CM 8 ug.l
CDC 6y'J B yg.L
CDC GM 8 uy.1
CDC CW « uy.L
CDC 6'Jfl ft ugl.
COC C'X) fl Kyt
cocevo BIRIL

NHCC Qrtl-:i 0 319 1 O.CH5 Lry'g
NWCC Dal- 3 0 J19 : 0 QJ5 115 '5
rfflCC TOR1-2 035 : 0 liujfg
NRCC TOFn-7 CIS *0 13HB:y
MRCC TOKT-2 C.tt 1 0 13 1,3..;
•4RCC TCRT-? 030 tO Utmij

Arufrtic*J Dupficjtt » (Poi |.Olg*»lioti)

Smlf*** U*U liwii*mb* U*U j

.XISG3-1C2 ttootf PS*
MSE3-11.'. D4)0<J u t̂

USE 1 132 Stood -^-t
USE 3- 14 J E*ca -,;-!

MSf >1i2 btootl vnyt

!U50 1 1*2 cAjcxi u<j-l
US£S-''B2 btooa t̂ l
USC}* 192 Dbad pr^-L
."JSE3-202 Dtoal P7»-
•USt 1-7:2 D*x/i ye.'1

.•J3C3-222 wcod ^5.1

U3E3-242 dtouti u-J'V
?05f3-232 MuOO t--l
VSC 3-20* Dhwrt 1x71.

•J££3-3O2 Otor>i y.;!
U&C3-3:2 btoud uyl.
f ĵf.3-322 cAxxi 1̂71
.'JSE3-X12 C*XM) - îyt
.•JSCJ-H2 stood ypl
•Jt£ 3-351 Qtood î l
U3EJ-362 Stood u-yl

\iSC3-D)7 D*x»! pQit

-•Jtf3-4« tAXkl yyl
U£t3-« T 1 btood )i*?^
U5EJM23 DOĵ  Wl

•USE1US2 fc*cr ppij

.VSE.3-U2 ^<nr/ up?

rJSE3-SW iĵ wy t̂ "5
USE3-4'7 iraatx 5̂15

VSE3-S3G 'c=--̂  ^g

U.*l̂ tud Panxnt Samplu NonrinrtPb PoCwx: ^^ p^^
DL Pb Cone Hocwcfy tombo, Watri' Sp^j ^^ Conc Uat* Koeowy

1 • i vy NA l.KjEJ-;Q7 3kod ?U :^ "1 j-^1 3^S

i 7 us ; us .T\, i.-.sn v i ?h :>i.x-j : fj • R -. •. .̂ .i to H

2 y? iOS 3% V.SC3-15/ I'KoJ .'a '.'• - : \*?\ O'j-*
4 y>; H3 3",» MSt3-lG/i uhxn! . (1 71 1' i^j-L '̂j'!

\ * 2 1*9 <J7 0'. I/5E3-177 -jtoud Tu .'0 • '• ix-,1 '.'JO^

1 42 n'9'̂ - "* 5^ r.f*jE3-l'i'7 ^kivl Tu 70 •• l pj'L ;CK)*o
3 0 yg-L .'0 ̂ "\ I.1SE3-J07 Okxri ?U TO • ; ^-l iCOT*

l i 2 ps-l. P.' V* 1.1GF3-52/ Mood 20 :^ J 7 ,yj.l. 32V

1 J ? P9-1 H7 :.% Mr,r:3-?4f, iji»j /il ?-) J 4 7̂.! 'ifl".

i J9 wi. KI r; .•-'SE3L"'-/ tjbx^i .1) if. • ; i.-9-i. i-r.

a 0; 02t- y^'g M '?% MoEJ-M-G litooJ ?t) TJ 0 5 ^-\. M\

003 03 wg H57V, k'SC-VS'.u uk/>J :-i) /ft 1 i*; I :fi'.,
OG3 0 J u '̂g 85'J% VSE3-jr»i UkxxJ TO TI1 1 B u-;'L 0;^

031 QT6 vr? M .i*^ M3E3-3-1G atnoj ni ~' •• J yt;'l K'%
WSE J-.IV) LtyyJ 7U 7.1 T> ĵ'l 'OX
WSE3-3C6 !*xy] ?0 31 1 u -̂l :tM%
f.fSG 3- 37G Wood TO :2 2 ^-1 : W-

_^ „ . v-st3--3eo Lik>«i rc r.i T ^ yc i w*.Pb CtfK Onô uri -«•.--- >wv j-w* »v . j »r.f •. *w
"~"" -w"w--*- RtiaiMi D?WC« \!SE3-3i<a l*»J TO 2 ; 1 jr;-L ;O7%

kt£E3-iCO *xrt 20 23 15 if l̂ iS t̂
«.; « oil'wi

2 2 *ittn
35 34 f.J-m,
35 IB AiUtfi

34 3 *. *i:nn
2 3 n'lJui

« 3 42 e-L-wi

44 4 G »kE»il

43 * 2 <»C*rt

B 3 C t
* i* I 7 Mitrm
11 :0 4 S%

t? l.! A(KW

".(SE3-: T6 Uk.o.1 2V 7 ' J '̂1 tf^.%

-.'SE3-440 !r«cr Oraa 3-!C P 17 ujrg :3i^
:.5E3-tiH b-riT« 0 3M 0 3fl 0 OiJ L>; >) ; i : t,
\ISt3-4WJ her 0:« 049 0 ;a ^>y T3i%
.̂̂ EJ-4C2 *.w 0 il/1 G OB L% 36 ^-g

î *SE3-4W iw,t u KiT C 02 C 2fl i*;̂  1 1 j%
'̂ S£1-J 73 k-.'rjt & 3OJ 3 4> 0 095 ^;-g ; 3 ̂ *r
'.fSF3-4 74 *)»>• 0 .TU R «i'i 0 7:- y-;.r| : !T''1i

USCJ-4-3O ijctney 0 rC*1 0 i5 C Cl \fi -} ' 13V
V-SC3-4W u>xt o 3« o 35 3 c-;: .-; t • ur«

.VSE3- 5CO iilT*.-/ 0 MO 047 CIO ^s- ' I"-4"*

•J3EJ-53 1 'ctrtw 'iSTt ' W *& -i ^;T iC*.̂

•,̂ E 1-Wf". r/wvr i;o '70 'i •; u ĵ-i : i ,-.

055 CW OOT,
O.t; C. :E i.TTfc
flJ4 CJC :9.4"»
0 7.1 C 22 44*
fl*} 061 33-X
027 CJG 33%
o 1 1 r.u 00*%
0 03 C 02 *ic*n l

4 a * 2 -3j^
79 f 1 TC 7%
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TABLE A-6

Tag Number

MSE3-S54
MSE 3-459
USE 3-J 4 3
MSE3-486
MSE1-502
MSE3-484
MSE3-S44
MSE3-S17
MS63-530
MSE3-129
MSE3-120
MSE3-103
MSE3-I39
US63-I53
USE3-143
USE 3-208
MSE3-183
USE 3-2 13
MSE3-219
MSE3-218
MSE3-249
MSE3-261
WSE32S9
MSE3-275
HSE3-307
USE3-310
WSC-3-317
MSE3-351
USES- 342
WSE3-36I
USEJ-403
USE3-371
MSE3-3T3
HSE3-U2"
MSE3-4 1 1
MSE3-408

Matrix

liver
liver
l»ver
kidney
Xirjney
kidrwv
tcmur
femur
tonuir
blood
blood
Wood
blood
Wood
blood
Clood
Wood
blood
blood
blood
btood
blood
ttood
blood
Wood
blood
blood
blood
blood
btood
blood
blood
btood
blood
btood
blood

Pig Original _
Number Piq 0 Group

2855 855 3
28M 804 G
2060 300 7
2857 857 2
2067 007 4
2802 302 5
2405 405 2
2408 408 5
2411 411 7

2401 401 3

24 25 425 4

2404 4 CM 7

2402 402 2

2406 406 5
24 1 7 417 0

2409 409 1

2412 412 3
24 1 1 411 7

2851 851 4
240B 408 5
2413 413 7
2405 405 2
2410 416 3
2854 854 6
2853 853 4
2418 418 5
2859 859 6
2856 856
2407 407 2
2414 414 7

2806 8GG 1
2421 421 3
2422 422 5
24 ;a 419 2
2803 863 4
28G1 8'31 6

Malarial
Admintslured

Lead Acetate
Tesl Material 2
Tost Material 2
Lead Acetate
Lead Acetate
Test MalcrTjl 2
Lead Acelaic
Test Material 2
Tesl M.ilunal 2
Lead Acetate
Load Acetate
Test Material 2
Lead Acelale
Tesl Mntuiul 2
lest Mateiial 2
Control
Lead Acetite
Test Material 2
Lead Acetate
Test Malcnal 2
Test MalciMl 2
Lead Atctile
Lead Acciate
Tesl Material 2
Lead Acetrjc
lest Material 2
Tesl Material 2
Control
Lead AceLiie
Tesl Material 2
Control
Lead AcGl3tc
Tesl Material1 2
Lead Accuie
Lead AccLilo
Tesl Hl.nlanaf 2

Tor jot Dose Collodion
(uqJUq-d) Day

75 15
225 15
675 IS
25 15
2:5 ',5
75 15
25 15
75 15

.;7f> 15
75 0

225 0

675 0

25 1
75 1

225 1
0 2
75 2

675 2
225 3
75 3

675 3
25 5
75 5

225 5
225 7
75 7

225 7
0 9
25 9

075 9
0 12
75 12
75 12
25 15
225 15
225 15

Q DL PbConc AdjConc

0 0.078 0 078 ug'g
0 018 0.18ucj'g
0 0 55 0 ̂  un'rj
0 0 02 0.02 ug-'o
0 0 27 0 27 ug'g
0 007!) n07Siig.'n

0.4 1 1 ugrg
0 4 3.3 3 3 m>'g
0 4 L'2 22 ua'd

i 1 05 ug-'dL
•: 1 U.5 ug'dL
< 1 05 ug'dL
< 1 05 ug.'OL

1 1 ug.'cIL
-; 1 05 ug;dL
< 1 11 5 uy'dL
< 1 05 ugML

2 2 ug'dL
1 1 ug.rJL
1 1 ug-dL

G.3 6 3 ug'dL
2 2 uj'dL

3.7 3 7 ug-'dL
43 4.3 ug:r!L
6 2 6.2 ug'dL
32 32 ugML.
51 51 un.dL

< i 0.5 ug.'dL
•; 1 0.5 uy.'uL

10 10 ug'dl
< 1 0.5 irtj'dl.

42 42 ug'dL
3 3 ug'dL
2 2 ug'dL
10 10 uy'ilL

B 5 8.5 uG'dL

Original
AdjConc

0087
0 18
05

002
02G

O.CGC
i

3.'.

1'3
05
05
05
05
05
05
05
05

3

0 'j
G 2

1
3 3
4 3
!

35
5 3
05

86
05
3y
j
1

10
7 2

Blood Lead Check Samplos

Tag Number

USEJ-ZS3
MSE3-102
11SE3-3J30
USE3-366
tlSFLT-tftl
USE3-110
LISE3-180
WSE3-227
USE 3-320
WSE3-332
VSE3-439
USE3~<32
WSEJ-iol
USE3-234
USE3-313
USE3-175
USE3-3E8
HSE3-234

M""* | "C"***0**
Llood
Mood
btood
Uood
ttood
blood
blood
Uxrt
Clood
blood
blo.Td
blood
blood
Llood
btood
btood
btod
ttood

CDC BURS sample 294
CDC BLLRS wimple 294
CDC BLLRS sample 294
CDC BLLRS sample 294
CDC BI.LFS sample 2»f
CDC BLLRS sample 199
CDC BLLRS sample 199
CDC BLLRS sample :99
CDC BLLRS sampla 199
CDC BLIRS sample 199
CDC BtLRS sample 199
CDC BLLRS sample 502
CDC BLLRS sample 592
CDC BLLHS sample 592
CDC BLLRS sample 592
CDC BLLRS vtmplc 592
CDC BURS sample 592
CDC SLLflS sample 592

CDC Concentration Pb Cone

1 9
1.0
1.9
19
S3
S5
5.5
55
55
55
55

13.9

139

13.9

139
13.D
135
'•39

UtJ/dL 2
ug-'dL 2
jjcydL 2
MO/tlL 1
wm. 7.
ptfdl 5 1
l*G«3L 5
JO/CL 4 7
M»'1L 4 5
.wt'dL 4 6
(jq'rtt 4 ;
pg/cJL 13
V>9<!L 13

l̂ .'dL 13
(J5'SL 12
M '̂dL 13
MS.'"dL 12
uj'iJL 12

O DL AdjConc

1 2 ix>dL
1 2 ug.'dL
1 2 ix;/dt.
1 1 ug.dL
1 ? urj-ai.
1 5 1 ug,cL
1 5 u.j/dl
1 4.7 ugrtlL
1 •: .5 uq, JL
1 4.6 i»;.'dL
1 4.7 ug/OL
i 13 ug/dL
1 1 3 ug;cJL
1 53 uc/dL

1 12 urj.dL
1 13 ug/dL

1 12 uiJrdL

1 1 2 ucx)L

(Adfutted CnnoeraralicnJ- Non-dulects evniuatecl al 1/2 ite «ucmxa!ijnfinnt (DLJ.
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TABLE A-7 IDENTIFICATION OF POTENTIAL BLOOD LEAD OUTLIERS

Material
Administered

Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Lead Acetate
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Material 2
Test Miiterial 2
Control
Control
Control

Group

2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
5
5
5
5
5
6
6
6
6
6
7
7
7
7
7
1
1
1

Pig
Number

402
405
407
419
857
401
412
416
421
855
425
851
353
863
867
406
408
418
422
862
417
854
859
861
864
404
411
413
414
860
409
856
866

Target Actual Blood Lend (u<ydL I bv Dny
Dose Dose' 0 1 2 3 5 7 9 12 15

25 26.43 0.5 0.5 0.5 0.5 0.5 0.5 0.5 10 05
25 26.70 0.5 0.5 0.5 0.5 1.0 2.0 0.5 20 2.0
25 25.00 0.5 0.5 0.5 0.5 0.5 0.5 1.0 1.0 1.0
25 21.32 05 0.5 0.5 0.5 0.5 0.5 1.0 2.0 1.0
25 28.98 0.5 0.5 0.5 05 05 10 10 20 10
75 CC.80 0.5 0.5 0.5 2.0 3.1 3.0 3.0 3.3 3.0
75 71.21 05 0.5 0.5 1.0 2.0 3.0 33 50 3.6
75 76.98 0.5 0.5 0.5 1.0 3.3 49 4.a 57 6.5
75 83.09 0.5 0.5 0.5 1.0 30 3.0 3.1 3.9 4.G
75 89.23 0.5 05 0.5 2.0 3.0 3.7 3.0 3.2 2.0

225 23535 0.5 1.0 2.0 3.0 4.0 5.2 4.5 5.0 5.5
225 246.72 0.5 1.0 1.0 1.0 4.0 5.1 5.9 65 6.0
225 221.50 0.5 3.4 3.4 4.4 5.3 7.0 6.6 6.9 7.9
225 244.32 05 2.0 | 6.8 | 3.1 C.5 G.7 10.0 97 10.0
225 206.50 0.5 2.0 20 3.0 43 3.8 50 5.5 68
75 81.97 (I.5 0.5 0.5 0.5 3.0 3.2 3.0 3.3 3.6
75 81.19 (I.5 0.5 0.5 0.5 2.0 2.0 30 2.0 40
75 66.54 0.5 0.5 05 0.5 20 3.5 3.0 34 5.9
75 82.31 0.5 0.5 0.5 0.5 1.0 2.0 2.0 3.0 3.4
75 74.88 05 0.5 1.0 2.0 3.0 3.0 3.7 39 4.0

225 231.04 0.5 0.5 1.0 2.0 5.1 5.4 5.6 6.7 5.7
225 25297 0.5 2.0 20 2.0 4.3 4.3 55 5.7 62
225 230.04 05 1.0 2.0 3.4 43 5.3 5.6 6.1 6.3
225 223.43 0.5 1.0 3.0 3.1 4.8 49 6.7 70 7.2
225 21600 0.5 20 2.0 2.0 35 5.5 45 3-D 44
675 645.85 0.5 2.0 38 3.4 6.0 8.0 9.4 96 10.0
675 809.26 0.5 0.5 3.0 ', 3.0 ., 5.9 7.6 9.3 96 10.0
675 672.06 05 6.0 7.1 6.2" 6.2 8.8 S.5 100 10.0
675 665.24 0.5 4.0 5.0 7.3 8.6 96 8.6 11.0 100
675 67254 0.5 30 3.3 4.5 57 64 76 87 80

0 0.00 0.5 0.5 0 5 0.5 0.5 0.5 0.5 05 0.5
0 0.00 0.5 05 0.5 0.5 0.5 0.5 05 0.5 0.5
0 0.00 0.5 0.5 0.5 0.5 05 05 0.5 05 05

'Average body weight-adjusted dose (or each pig over il\e course oi the study (days 0-l

Dose units: ug/Vg-d

Data point flagged as potential outlier (group n\ean

[__ - : Data point (tagged as potential outlier (group mean

I I Data point judged to be outlier: excluded from further analyses



TABLE A-8 AREA UNDER CURVE DETERMINATIONS

Group

2

2

2
2

2

3

3
3
3

3
4

4

4

4

4

5

5

5

5

5

6

6

6
6
6
7
7
7
7
7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1

Pig
Number

402

405
407

419

857

401
412

416
421

855
-125

851

853

863
8S7

406
408

418

422
862

417

85-i
859
861
864
404

411

413
414

860
0
0
0
a
0
0
0
a
0
0
a
0
0
0
0

409
656
866

AUC (iig.'dL-days)
0-1
050

0.50

0.50

0.50

0.50

0.50
0.50

0.50
0.50

0.50

0.75
0.75

1.95

1 25

1.25

0.50

0 50

0.50

0.50
0.50

0.50

1.25

0.75
0.75
1.25
1.25
0.50
3.25
2.25
1.75
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
000
0.00
000
0.00
0.00
0.00
0.00
0.50
0.50
050

1-2

0.50

0.50

0.50

0.50

0.50

0.50

0.50
0.50

0.50

0.50
1.50
1.00

3.4.0

2.28

2.00
0.50

050

0.50
0.50

0.75

0.75

2.00

1.50
2.00
2.00
2.90
1.75
6.55
4.50
3.15
000
0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
0.00
o.oo
0.00
0.00
0.00
000
0.50
0.50
050

2-3

0.50

0.50

0.50
050

0.50

1.25

075
0.75

0.75

1.25

250
1.00

3.90

2.83

2.50
0.50

0.50

0.50
0.50

1.50

1.50

2.00

2.70
3.05
2.00
3.60
3.00
6.65
6.15
3.90
0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.50
0.50
0.50

3-5

1.00

1.50

1.00
1.00

1.00

5.10
3.00

4.30

4.00
5.00

7.00

5.00

9.70

9.60

7.30
3.50

2.50

2.50

150

5.00
7 ID

6.30

7.70
7.90
5.50
9.40
8.90
12.40
15.90
10.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 00
0.00
0.00
o.oa
0.00
1.00
1.00
voo

for Time Interval Shown
5-7

1.00

3.00

1.00
1.00

1.50

6.10

5.00
8.20

6.00
6.70

9.20
9.10

12.30

13.20

8.10
6.20

4.00

5.50

3.00

6.00

10.50

8.60

9.60
3. TO
9.00
1400
13.50
15.00
18.20
14.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
000
0.00
0.00
1.00
1.00
1.00

7-9

1.00

2.50

1.50

1 50

200
6.00

6.30
9.70

6.10

6.70
9.70

11.00

13.60

16.70

880
6.20

5.00
C.50

4.00

6.70

11.00

9.80

10.90
11.60
10.00
17.40
16.90
18.30
18.20
16.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
1.00
1 00

9-12

2.25

3.75

300

4.50

4.50

9.45
12.45

15.75

10.50
9.30

14.25
19.05

20.25

29.55

15.75
9.45

7.50

9.60
7.50
11.40

18.45

16.80

17.55
20.55
12.60
28.50
28.35
29.25
29.40
24.45
0.00
0.00
0.00
0.00
0.00
0.00
0.00
000
000
0.00
0.00
0.00
0.00
0.00
0.00
1.50
1.50
1.50

12-15

2.25

6.00

300
4.50

4.50
945

12.90
18.30

12.75
780
15.75

19.20

22.20

29.55

18.45
10.35

9.00

13.95
9.60

11 85

18.60

17 85

18.60
21.30
12.45
29.40
29.40
30.00
31.50
25.05
0.00
0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
i.M
1.50
1.50

AUC Total
(Mg.'dL-days)

9.00

18.25

1 1 .00

14.00

15.00
36.35

41.40

58.00

41.10
37.75
60.65

66.10

87.30

104.95

G4.15

37.20

29.50
39.55

27.10
4370

68.40

64.60

69.30
76.85
54.80
106.45
102.30
121.40
126.10
98.60
0.00
0.00
000
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
7.50
7.50
750
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FIGURE A-1 BLOOD LEAD DATA BY DAY
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APPENDIX D

Data From Drexler—12-Month Sample (2006)
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Laboratory of Environment and Geological Sciences, University of Colorado, Boulder

Project Name: Herculaneum Lead Smelter Test

Run#: Date: Operator: RICE

Position
in rack

1

2

3

4

5

6

7

8

9

10

Sample name

HER-3201

HER-3201 DUP

HER-3201 TRIP

blank

blank spk

Lab# Wt. Grams

1.00133

1.00205

1.00027

pH start

1.511

1.511

1.511

1.511

1.511

Starting
time

11:30

11:30

11:30

11:30

11:30

Stopping
time

12:30

12:30

12:30

12:30

12:30

pH stop

1.509

1.51

1.511

1.505

1.497
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TABLE 2. Preliminary Summary Of In Vitro Bioassay Results
Sample ID Pb in mass calc Pb #1

<250u soil (g)
bulk soil

mg/kg

ICP Pb solution %
(mg/l) amt(l) Relative

Pb
Bioavail

ability

HER-3201

QA/QC

HER-3201 DUP

HER-3201 TRIP

Process Blank

Blank Spike
% Spike Recovery

Machine Detection
Limit (MDL)

2131 1.00133 2.13383

2131 1.00205 2.13537

2131 1.00027 2.13158

19.17

19.096

18.626

0.014

2.526
101.05%

0.1 90

0.1 89

0.1 87

0.00009

stddev



Pb ppm
Bulk analysis provided by client

HER-3201 2131
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Pb ppb Pb ppm
HER-3201 19170 19.170
HER-3201 DUP 19096 19.096
HER-3201 TRIP 18626 18.626
blank 14 0.014
blank spk 2526 2.526
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